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rROSS REFFRFNCE TO P FT ATED APPLICATIONS 
This applicaUon claims the benefit of Provisional application Serial No. 60/065,716, 
filed November 14, 1997, and Provisional application Serial No. 60/081,403, filed April 10, 
1998, both of which are incorporated by reference herein in their entireties. 

1. VWl n OF TH F INVENTION 

The present invention relates to modified immunoglobulin molecules, particularly 
antibodies, that bind one member of a binding pair and have at least one complementarity 
determining region (CDR) that contains the amino acid sequence of a binding site for that 
member of the binding pair, which binding site is derived from the other member of the 
binding pair. The invention also relates to methods for treating, diagnosing, or screening for 
15 diseases and disorders associated with the expression of the member of the binding pair, 
particularly, cancer or infectious diseases, using the modified antibodies of the invention. 
The present invention also relates to pharmaceutical compositions and diagnostic kits 
containing the modified antibodies of the invention. 

2P 2. RArKHROUNP OF THF. INVENTION 

2.1. ANTIBODIES ATVn THE IMMUNE SYSTEM 
Antibodies are proteins that belong to the immunoglobulin superfamily. The 
immunoglobulin superfamily includes T cell receptors, B cell receptors, cell-surface 
adhesion molecules such as die co-receptors CD4, CD8, CD19, and the invariant domains of 
25 the MHC molecules. In their soluble form, antibodies are glycoproteins produced by mature 
B cells which are also called plasma cells. Antibodies are secreted mto the blood and other 
extracellular fluids to circulate throughout the body in all animals and humans in response to 
foreign antigens. 

Antibodies have two principal fimctions. The first is to recognize or bind to foreign 
30 antigens. The second is to mobilize other elements of the immune system to destroy the 
foreign entity. The receptors on the surfaces of immune effector cells are designed for 
recognition of antigens and cell surface markers on other cells. This recognition process 
imparts information as to whether the markers are self or non-self, and is an important 
element involved in modulating the immune system response to the presence of antigens. 

35 
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The portion of an antigen to which an antibody binds is called its antigenic 
determinant, or epitope. Some antigens are capable of eliciting an immune response, while 
others are recognized as self by the immune system. Antigens which can elicit an immune 
response are termed immunogens. and are usually macromolecules of at least 5000 Dalton 
5 molecular weight, such as proteins, nucleic acids, carbohydrates, and lipids. Smaller 
nonimmunogenic molecules, termed haptens, also are capable of stimulating an immune 
response when coupled to a large carrier molecule. 

2^. STRTIfTURE O F ANTIBODIES 

10 The basic complete unit of an antibody is a four-chain Y-shaped structure (Figure 1). 

In the early 1970s, Wu and Kabat assembled the amino acid sequences of a large collection 
of antibodies and demonstrated that the structure of antibodies and, in fact, all members of 
the immunoglobulin superfamily, consists of a constant region and four relatively conserved 
framework regions of semi-rigid beta-sheet, with three relatively short hypervariable 

15 sequence regions known as complementarity determining regions (CDRs) interspersed 
among them (Wu and Kabat, 1970, J. Exp. Med. 132(2):21 1-250; Wu and Kabat, 1971, 
Proc Natl.Acad.Sci. 68(7): 150 1-1 506). This prediction was confirmed by 
crystallographic studies of antibody structure (Poljak et a)., 1973, Proc Natl Acad Set USA 
70(12):3305-3310; Diesenhofer et al., 1976, Hoppe Seylers Z Physiol Chem (Germany. 

20 West) 252(10):435-445: Diesenhofer et al., 1976, Hoppe Seylers Z Physiol Chem (Germany, 
West) 357(10):1421-1434). 

Figure 1 represents the overall structure of an antibody molecule. Antibodies are 
made up of two shorter light chains linked via disulfide bonds to two longer heavy chains, 
which are themselves connected by disulfide bonds. As indicated in Figure 2, both the 

25 heavy and light antibody protein chains are composed of multiple domains, each about 1 10 
amino acid residues in length. Each light and heavy chain of an antibody has a variable 
region at its amino terminus (V^ and V„ respectively); it is the variable region of the 
antibody that confers the antigen-binding specificity. A heavy chain variable domain and a 
light chain variable domain together form a single antigen-binding site, thus, the basic 

30 immunoglobulin unit has two antigen-binding sites. 

Diversity in the variable regions of both the light and heavy chains is restricted to the 
three "hypervariable" regions or CDRs. There are a total of six CDRs in each antibody, 
molecule (Figure 2). each of which CDR contains from about five to about ten amino acids, 
or up to about 20 amino acids when tiie CDR is endogenously recombined. as is common in 

35 some antibody classes. The three CDRs of the variable region of each light and each heavy 
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Chain form loops which are clustered together and are connected to the four remaining parts 
of the variable region, called the framework regions ("FRs") which are relatively conserved 
among antibody molecules. Antibody diversity is generally created by changing the 

sequences of the CDRs. 

5 The variable regions are distinct for each antibody, whereas the constant regions are 

more highly conserved. While the light chain has only one constant region domain, the 
heavy chain constant region is composed of multiple domains, named CHI, CH2, 
CH3 CHx The constant region domains are charged with the various antibody effector 
functions, such as complement binding and binding to the Fc receptors expressed by 

10 lymphocytes, granulocytes, monocyte lineage cells, killer the stimulation of B cells to 
undergo proliferation and cells, mast cells and other immune effector cells. Other effector 
functions are differentiation, activation of the complement cell lysis system, opsonization, 
attraction of macrophages. Antibodies of differem isotypes have different constant domains 
and therefore have different effector functions. The best studied isotypes are IgG and IgM. 

15 All animal species express several different classes of antibodies. Five human 

antibody classes (IgG, IgA.. IgM, IgD and IgB). and within these classes, various subclasses, 
are recognized on the basis of structural differences, such as the number of immunoglobulm 
units in a single antibody molecule, the disulfide bridge stmcture of the individual units, and 
differences in chain length and sequence. IgG antibodies are, thus far, the most generally 

20 useful of these classes for diagnostic and therapeutic pharmaceutical uses, although 
antibodies from other classes may find utility in certain uses. 

2.3. ANTTROnV EN r.lNKERING 

The development of monoclonal antibody technology, first disclosed by Kohler and 
25 Milstein (1975, Naiure 256:495-497), has allowed the generation of unlimited quantities of 
antibodies of precise and reproducible specificity . The Kohler and Milstein procedure 
involves the fusion of spleen cells obtained from an immunized animal, with an immortal 
myeloma cell line to produce hybridomas. Clones which produce an antibody having the 
requisite specificity are then selected from these hybridomas. The hybridomas produce 
30 monoclonal antibodies which are unifomi in their properties and specificity. 

To date, identification and production of suitable antibodies useful in diagnostic and 
therapeutic applications has depended on chance. The generation of antibody-producing 
hybridomas involves immunization of a mouse with an antigen, or, alternatively, the antigen 
is added to spleen cell preparations m vUro. The population of spleen cells and, therefore, of 
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potential monoclonal antibodies with a particular specificity depends upon the animal's 

immune reaction to tiie antigen. 

Additional approaches to generating antibodies useful for diagnostic and therapeutic 
uses have been developed as an alternative to the laborious immunization procedure 

5 mentioned above. One approach entails the cloning of antibody genes into phage viruses, 
which will express on the virus surfaces a single variable region as described in Clackson et 
al 1991 ;^./«r.M2:624;Marksetal.,1992,y.Mo/.B/o/.222:581;Zebedeeetal.,1992. 
pIoc Natl Acad. Sci. USA 39:3175; Gram et al., 1992, Proc. Natl. Acad. Sci. USA 89:3576. 
Using phage librarv techniques, one can generate large libraries that express much of the 

10 inherent genetic diversity. However, such libraries are still constrained by the antibody 
repertoire from which they were derived. In yet another approach, variable domam genes 
which are randomly mutagenized and expressed, also resuh in the production of large 
libraries as described in Pack (1997, High Quality Antibody Libraries, Abstracts of the 
Eighth International Conference of Antibody Engineering). While both approaches are 

1 5 successful in generating great diversity, they are generally little more successful m 
identifying useful antibodies when compared with traditional immunization methods 
because they rely on random generation of CDR sequences. Moreover, antibodies generated 
through immunization of mice are of limited use in human therapeutics. Smce mouse 
monoclonal antibodies are foreign and thus immunogenic to humans, they induce a human 

20 antimouse antibody (KAMA) response (Shawler etal., 1985, J. Immunol. 135:1530; 
Chatenaudetal., 1986,7. Immunol. 137:830). 

2 4 PHARMACEUTICALS BASED UPON MANIPULATION OF 
V^^^MOT.EC Uf AR TNTERACT JQNS 

The efficacy of a pharmaceutical is often derived from the.ability of the 

pharmaceutical to enhance, antagonize or mimic the binding of one molecule to another, for 

example, a ligand to its receptor, or a pathogen to a cellular receptor, thereby achieving 

ceitain physiological and pharmacological activity useful for disease prevention or 

amelioration. Until recently, pharmaceuticals were limited to serendipitously discovered 

,n synthetic or natural products, and were small molecule effectors that mimicked the binding 
of naturally occurring ligands. Even when information is available concerning the structure 
of ligands or their binding sites, currently available methods have not r^dily led to the 
development of effective pharmaceuticals. Methods such as the use of molecular modeling 
to design small molecule analogs based on crystal structure data for ligand-receptor binding 

35 pairs, or the screening for binding to a receptor using peptide combinatorial libraries or 
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natural product extracts, have not proved to be reliable. Additionally, these synthetic or 
natural products do not always have the ability to discriminate in binding affinity and 
specificity for receptor subtypes, which can result in undesirable side effects due to 
insufficient control over the pharmacological effects. 
5 There is a need for a method to more directly reproduce or inhibit the effects of 

natural intemctions, and to be able to design specific pharmaceutical agents that interact with 
member, of a particular binding pair and which more closely mimic the behavior of 
naturally occurring ligands. 

10 Citation of references hereinabove shall not be construed as an admission that such 

references are prior art to the present invention. 

3. SUMMARY OF THF. INVENTION 
The present invention is based upon the observation of the present inventors that the 
15 binding site contained within one member of a binding pair for another member of the 
binding pair can be transplanted into at least one CDR of an immunoglobulin molecule to 
confer specificity on the immunoglobulin for the second member of the binding pair. 

The present invention is aimed at providing a method to design, immunoglobulins, 
particularly antibodies, with a particular specificity, which method circumvents the 
20 unpredictable immunization and screening processes currently employed to isolate specific 
antibodies.-In particular: synthetic modified antibodies that immunospecifically bind one 
member of a binding pair are engineered such thai the variable region of the modified 
antibody has.one or more CDRs that contain the binding sequence for that member of the 
binding pair, which binding sequence is derived from the other member of the binding pair. 
25 -ms method, thus, dramatically simplifies the process of identifying suitable antibodies and 
makes available antibodies for many antigens that ^ inaccessible due to immune tolerance 

or cryptic expression. 

■ Accordingly, the present invention provides modified immunoglobulin molecules, 
particularly antibodies, that immunospecifically bind a first member of a binding pair, which 
30 binding pair consists of the first member and a second member, which antibodies compnse a 
variable domain which has at least one CDR containing an amino acid sequence of the 
binding site for the first member of the binding pair, which binding site is derived from the 
second member of the binding pair. In a preferred aspect of the invention, the amino acid 
sequence of the binding site is not found naturally within the CDR. 

35 
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The binding pair can be any two molecules that specifically interact with each other. 
In specific embodiments, the first member of the bindihg pair is a cancer antigen {i.e.. a 
molecule expressed on the surface of a cancer cell), an antigen of an infectious disease agent 
(/ . a molecule on the surface of an infectious disease agent) or a cellular receptor for an 

5 infectious disease agent. Such cancer anUgens include human milk fat globule antigen 
(HMFG) an epitope of polymorphic epithelial mucin antigen (PEM), or a human colon 
carcinoma-associated protein antigen. Such antigens of infectious disease agents mclude a 
Brambell receptor (FcRB). and antigens of HSV-2, gonococcus, Treponema pallidum. 
Chlamydia trachomatis or human papillomavirus. In other specific embodiments, the 

10 binding pair is a receptor-ligand binding pair, for example, where the first member of the 
binding pair is a bradykinin receptor. 

The invention fiirther provides methods of treatment or prevention using the 
modified immunoglobulins of the invention. For example, modified amibodies having one 
or more CDRs containing the binding site for a cancer antigen or an antigen of an intectious 

1 5 agent or a cellular receptor for an infectious disease agent can be used in the treatment or 
prevention of a cancer or an infectious disease associated with the expression of the 
particular cancer antigen or antigen of the infectious disease agent or the cellular receptor for 

the infectious disease agent. 

-nie invention fiirtiier provides methods for screening or detection or diagnosis using 
20 the modified immunoglobulins of the invention. For example, modified antibodies havmg 
one or more CDRs containing the binding site for a cancer antigen or an antigen oi an 
iniectious disease agent can be used in the screening, detection and diagnosis of a carreer or 
. an infectious disease.associated witii the expression of the particular cancer antigen or 

antigen of the infectious disease agent. 
25 The invention also provides therapeutic and diagnostic kits and pharmaceutical 

compositions containing the modified immunoglobulins of tiie invention. 

TTie invention fiirther provides metiiods of producing a synthetic modified 

immunoglobulin of the invention. 

Section ejnfra, describes the synthesis of syntiietic modified antibodies in which 
30 one of the CDRs contains an amino acid sequence from bradykinin encompassing die 

binding sequence for the bradykinin receptor. The example demonstrates that this synthetic 
modified antibody immunospecifically binds the bradykinin receptor, and competes with 
bradykinin for binding to the bradykinin receptor. The activity of the synthetic modified 
antibody is antagonized by an antagonist of bradykinin activity. 
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4, RRTFF nESCRy '>TTnN OF THE FIGURES 

Figure 1 A schematic diagram showing the structure of the light and heavy chains 
of an immunoglobulin molecule, each chain consisting of a variable region positioned at the 
5 amino terminal region (H,N-) of the immunoglobulin and a constant region positioned at a 
carboxyl terminal region (-COOH) of the immunoglobulin. 

Figure 2. A schematic diagram of an IgG showing the four framework regions (FRl, 
FR2 FR3 and FR4) and three complementarity determining regions (CDRl, CDR2 and 
CDRT) in the variable regions of the light and hea^7 chains (labeled as V, and V„ 
10 respectively). ITie constant region domains are indicated as Q for the light chain constant 
domain and CH,. CH, and CH, for the three domains of the heavy chain constant region. 
Fab indicates the portion of the antibody firagment which includes the variable region 
domains of both light and heavy chains and the C, and CH, domains. Fc indicates the 
constant region fragment containing the CH, and CH, domains. 
15 Figures 3A-C. (A). The structure of the expression vector pMRROlO.h which 

contains a human kappa light chain constant region sequence. (Bl The structure of the 
expression vector pGammal that contains a sequence encoding a human IgGl constant 
region (CHI, CH2, CH3) heaN7 chain and hinge region sequences. (C) The structure of the 
expression vector pNEPuDGV which contains a sequence encoding the kappa constant 
2C domain of the light-chain and the constant domainand hinge region of the heavy chain. For 
. . allthree vectors see Bebbington et al., \99\, Methods in Enzy-mology 2:136-145. 

Figures 4A-H. The amino acid and nucleotide sequences for the heav) and light 
chain variable domains.that have a CDR containing.bradykinin sequences and corresponding 
heavy and light chain variable domain consensus sequences of tne .synthetic antibodies. All 
25 ofthese sequences also contain a leader sequence. (A) The amino acid sequence and 
corresponding nucleotide sequence for the consensus light chain variable region ConVU. 
(B) The amino acid and corresponding nucleotide sequence for the light chain variable 
.. region BKCDRl in which CDRl contains a bradykinin sequence. (C) The amino acid and 
- ccn^sponding nucleotide sequences for the light chain variable region BKCDR2 in which 
30 CDR2 contains a bradykinin sequence. (D) The amino acid and corresponding nucleotide 
sequences for the light chain variable region BKCDR3 in which CDR3 contains a 
bradykinin sequence. (E) The amino acid and corresponding nucleotide sequences for the 
consensus heavy chain variable region ConVHl. (F) The amino acid and corresponding 
nucleoude sequences for the heavy chain variable region BKCDR4 in which CDR4 contains 
35 a bradykinin sequence. (G) The amino acid and corresponding nucleotide sequences of the 



wo 99/25378 



PCT/US98/24302 



heavy chain variable region BKCDR5 in which the CDR5 contains a bradykinin sequence. 
(H) The amino acid and corresponding nucleotide sequence of the heavy chain vanable 
region BKCDR6 in which CDR6 contains a bradykinin sequence. 

Figure 5 A schematic diagram of the general steps that were followed for assembly 
5 of an engineered gene encoding the synthetic modified antibody containing A sequence of 
bradykinin. The oligonucleotides used to assemble the gene are indicated as "ohgol" to 

"oligolO". .J . 

Figures 6A and B. (A) Nucleotide sequences of the oligonucleotides used to 
assemble the consensus light chain (ConVLl). and the bradykinin containing light chain 

10 variable regions, by the scheme indicated in Figure 5. (B) Nucleotide sequences of the 
Oligonucleotides used to assemble the consensus heavy chain variable region (ConVHl) and 
the bradykinin containing heavy chain variable regions, as indicated in F.gure 5. 

Figures 7A-C. (A) Stimulation of PGE, synthesis by bradykinin in SV-T2 cells as 
indicated in ng/well of PGE, for each treatment. In the legend below the figure a 

1 5 indicates that cells were incubated in the absence of the factor while indicates that the 
cells were incubated in the presence of the factor, either 1 nM bmdykinin (upper row) or 
1 nM HOE 140, a bradykinin antagonist (lower row). (B) Stimulation of PGE, synthesis by 
certain synthetic modified antibodies having CDRs containing bradykinin sequences is 
depicted as pg/well PGE„ as a function of the dilution of the synthetic antibody BKCDR3 

20 (lines with solid squares), BKCDR4 (lines with solid triandes), and BKCDR5 (liries with 
. solid diamonds), the consensus heavy chain variable region (line with .solid circles) and 

' . media alone (line with open circles). (C) The bar graph depicts PGE, stimulation (m PGE. 
in p./well) in SV-T2 cells incubated in the presence or absence of bradykinin (indicated as 
or respectively, in legend below graph) anri^ith an antibody having the BKCDR3, 

25 BKCDR4, or BKCDR5 variable domain or an antibody having the heavy chain consensus 
variable domain (ConVH), as indicated above the bars of the graph. 

5. niTTAn FD nES rPTPTTON OF THE INVENTION 

The present invention is directed to modified immunoglobulin molecules, 
30 particularly antibodies that immunospecifically bind ie.g., as determined by any method 
known in the art for determining the binding specificity of an antibody for its antigen, for 
example, as described in section 5.7, infra, and which immunospecific binding excludes 
non-specific binding, but not necessarily the cross-reactivity often observed with naturally 
occurring antibodies) a first member of a binding pair and have at least one complementarity 
35 determining region (CDR) that contains an amino acid sequence firom the second member of 
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the binding pair, which amino acid sequence is a binding sequence for the first member of 
the binding pair. The binding pair can be any two molecules, including proteins, nucle.c 
acids, carbohydrates, or lipids, that interact with each other, although preferably the bmdmg 
partner from which the binding site is derived is a protein molecule. In preferred 

5 embodiments, the antibody contains a binding sequence for a cancer antigen (i.e.. a molecule 
on the surface of a cancer or tumor cell), an infectious disease antigen, (i.e., a molecule on 
the surface of an infectious disease agent), a cellular receptor for a pathogen, or a receptor or 
ligand (preferably, areceptor or ligand of a receptor-ligand binding pair in which the hgand 
bmds to the receptor and thereby elicits a physiological response). 

10 The present invention also provides for methods of treamient using the modified 

immunoglobulins of the invention, for example, but not by way of limitation, a modified 
antibody having at least one CDR containing a^binding sequence for a particular cancer 

. antigen or antigen of an infectious disease agent or a cellular receptor for an mfectious 
disease agent can be used to treat or prevent a cancer or an infectious disease characterized 

1 5 by the presence of that particular antigen by binding of the infectious disease agem to the 
particular receptor. 

The present invention also provides for methods of diagnosis and screening usmg the 
modified immunoglobulins of the invention, for example, but not by way of limitation, a 
. modified antibody having at least one CDR containing a binding sequence for a particular 
20 cancer antigen or antigen of an infectious disease agem can be used to detect a cancer or 
. . .. itifectious disease characterized by that particular antigen or by binding of the infectious 
disease agent to the particular receptor. 

• For clarity of disclosure, and not by way of limitation, the detailed description of the 
invention is divided into the subsections v/hich follow. 

25 

5.1. |vrr>nii7TPn iMMlJ NOGLOB miNMQLEOJLM 
The invention provides for modified immunoglobulin molecules, particularly 
antibodies, that immunospecifically bind (e.g., as detemiined by any method known in ti.e 
art for deterniining the binding specificity of an antibody for its antigen, for example, as 
30 described in section 5.7,. infra) to a first «iember of a binding pair where at least one of the 
CDRs of the antibody contains a binding site for the first member of the binding pair, which 
binding site is derived from an amino acid sequence of the other member of the binding pair. 
In a preferred aspect of the invention, the amino acid sequence of the binding site is not 
foimd naturally within the CDR. 

35 
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The amino acid sequence of the binding site may be identified by any method known 
in the art. For example, in some instances, the sequence of a member of a binding pair has 
already been detennined to be directly involved in binding the other member of the binding 
pair. In this case, such a sequence can be used to construct the CDR of a synthetic antibody 
5 that specifically recognizes the other member of the binding pair. If the amino acid 

sequence for the binding site in the one member of the binding pair for the other member of 
the binding pair is not known, it can be determined by any method known in the art, for 
example, but not limited to, molecular modeling methods or empirical methods, e.g., by 
. assaying ponions {e.g., peptides) of the member for binding to the other member, or by 
10 making mutations in the member and determining which mutations prevent binding. 

•The binding pair can be any two molecules, including proteins, nucleic acids, 
carbohydrates, or lipids, that interact with each other, although preferably the binding 
partner from which the binding site is derived i.s a protein molecule. In preferred 
embodiments, the modified immunoglobulin contains a binding sequence for a cancer 
15 antigen., an infectious disease antigen, a cellular receptor for a pathogen, or a receptor or 
ligand that participates in a receptor-ligand binding pair. 

In specific embodiments, the binding pair h a protein-protein interaction pair which 
is either homotypic interaction (i.e., is the intemction betNveen two of the same proteins) or a 
heterotypic interaction (i.e., is the interaction between two differem proteins). 
20 in a specific embodiment, the fir.«<t membc-r is a member of ^ ligaiid-receptor bmdmg 

. . pair -prefemblv. of a receptor-ligand bindir:g pair in which the ligand binds to the receptor 
and therebv eliciLs a physiological response, such as intracellular signaling. By way of 
example, and not by way of limitation, the ligand or receptor can be a homione, autocoid, 
V grov/th factor, cjtokine or neurotransminer, or receptor for a hormone, autocoid, growth 
.25. factor, cytokine,. or- neurotransmitter, or any receptor or ligand involved in signal 

transduction. (Fo. reviews of signal transduction j.aihways, see, e.g . Campbell, 1997, ./. 
.Peciiarm.S^2.S4A: Hamilton. 1997,./. Leuh>c. Biol. ^:H5-155: Soede-Bobok & Touw, 
1997 J. W A/.cf. 75:470-477; Heldin, 1995, CW/ 80:213-223; Kishimoto et al., 1994, Ce// 
.. . 76:253-262; Miyajimaetal... m2,Annu Rev. Immunol. 10:295-33 1; and Cantleyetal., 
30 1991, Cell 64:281-302.). • In specific embodiments, one member of the binding pair is 
ligand such Is, but not limited to. cholecystokinin, galanin, IL-1, IL-2, IL-4, IL-5. IL-6, IL- 
1 1 a chemokine, leptin, a protease, neuropeptide Y, neurokinin-1 , neurokinin-2, neurokinin- 
3 bombesin, gastrin, corticotropin releasing hormone, endothelin, melatonin, somatostatin, 
vasoactive intestinal peptide, epidemial growth factor, tumor necrosis factor, dopamine, 
35 endothelin, or a receptor for any of these ligands. In other embodiments, one member of the 
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binding pair is a receptor, such as, bu. no. lintfled to, an opioid receptor, a glucose 
transporter, a glutamate receptor, an orphanin receptor, etytluopoietin receptor, tnsulm 
receptor tyrosine kinase (TK)-re^ptor, KIT stetn cell factor receptor, nerve growth factor 
receptor, insulin-like growth factor receptor, granuloeyte-eolony stimulating fector receptor, 
5 somatotropin recq,tor, glial-derivcd neurotrophic factor receptor or gp39 «cep,or, G-protem 
receptor class or 62-adre„ergic receptor, or a ligand that binds any of these recepto... In 
another embodiment, one of the members of the binding pai. is a ligand gated ion chamte , 
.uch as bu. not limited to a calcium channel, a soaium channel, or a potassium channel. In 
certain embodiments, the invention provides r,.Klified imrmmoglobuhns that 

10. immuno^pecifically bind a teceptor and are antagonists the ligand that binds that receptor, 
, for example, bu. not by way of limitati.3n, arc antagonist of endo.phin. enkephalm or 

nociceptin In other embodiments, the invention provides syn.hetic modifled an,ibodies.ha, 
immunospectfically bind a recep.or and arc agonLu, of the receptor, for example, but no. by 
wayof limiiation, endorphin, enkephalin, or nocieep.in reccpiors. In a preferred 
. 1 5 embodiment .he modified immunoglobulin does no, bind ,he fibronecin recep.or. In 
another nreferred embodiment, the binding sequence is not Are<31y-Asp. is not a .nutamer 
■ of a binding sequence, and preferably is no. a multime. of the sequence ^,rg.Gly-Asp. 
In other specific embodiments, the modified immtmoglobulin has a CDR-that 

comai,>s a binding site for a transcriptton factor. Ina preferred a.spect, -Jte mod,fied 
20,i.,:„unoglobnlindoesnot bind tc a specific DNA «quence, partioularly dc« notb.nc ,0 a , 
--•nraiiseriptionfacTorbir»dingsitc. 

, . i„ pietvtred embodiments, the modified immunoglobulin has a; ie:^ one CDR te 
.,eon.ains.anaminoacidse,ue»=e.ofabindingsitefor.cancer.anugcnoran™ran,,gen, 

, (. . as described in daail in secuon 5.3.V, i,!,t..i:-r,K>re preferably the an.igen rs hurrum 
■25 coion carcinoma-associawd anUgen or epiAelial muc^U. mttigen. .In Otoer.embodimen«, a. 
. least one CDR of the modified immunogiohtlir. conlains an a.nino acid sequence for a 
binding 3i.e for a huntan milk fa. globule r«.eptor. in other embodiments, d,e .nod.fied 
v nmmunoglobulin has a. least-one CDR that contains an amino acid seq.«.ncc of a b,nd..tg s.te 
" . for an antigen of a tumor of the breast, ovary.nterus, prosate, bladder, lung, skin, pancreas, 
30 colon, ga.stroin.csUnal tract, B lymphocytes, or T l>-mphoc>1es. 

in other preferred embodiments ottf.e invendon, at least one CDR of the modified 
antibodv con.ains at. amino acid sequence for.a binding si.e for an an,igen of an infcCious 
disease agen. (e.g., a., described indeU.il in secion 5.3.2, ^nfi-a.). or a binding si.e for a 
cellular receplor of an infectious disease agent, preferably where U,e binding site is not an 
35 amino acid sequence of a Plasmodium antigen, or is not the binding si.e Asn-Ala-Asn^Pro or 
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Asn-Val-Asp-Pro. In additional embodiments, the modified antibody has a CDR that 
contains the binding site for a bacterial or viral enzyme. 

The modified immunoglobulin molecules of the inventin can be derived from any 
type of immunoglobulin molecule, for example, but not limited to, antibodies, T cell 
5 receptors. B cell receptors, cell-surface adhesion molecules such as the co-receptor3 CD4 
CD8 CD19 and the invariant domains of MHC molecules. In a preferred embodiment of 
the invention, the modified immunoglobulin molecule is an antibody, which can be any class 
of antibody, e.g., an IgG, IgE, IgM, IgD or IgA, preferably, the antibody is an IgG. In 
additiontheantibodymanybeofanysubcla-ssofthepaiticularclassofantibodies. In 

.10. another specific embodiment, the modified immunoglobulin molecule is a T cell receptor. 
. .. The immunoglobulin which is modified to generate die modified immunoglobuhn 
can be any available immunoglobulin molecule, and is preferably a monoclonal antibody or 
is a svnthieuc antibodv. The antibody that is modified may be a naturally occumng or 
previouslv cKisting antibody or may be synthesized from known antibody coitsensus 
15 - sequences, such as the consensus sequences for the light and he.^^ chain variable regions m 
■ Figures 4A and B, or any other antibody consensas or germline (/.c. umvcoinbined genomic 
.equences^ sequences (e.g., those antibody consensus and germline sequences descnbed m 
Kabat et al., 1991, Sequences of Proteins of Iirmiunological Interest 5* edition, NIH 
Publication No. 91-3242, pp 2147-2172). 
20 . As noted .upra, each antibody molecule has six CDR sequences, three on the light 
oha%und three on the heavy chain, and five of these CDRs are germline CDRs (/..., are 
din^ctiy derived from the germline genomic sequence of uhe animal, without any 
recombination) and one of the CDRs ,s a non-germline CDR (/...,. differs.in sequence fiom 
ihe germline genomic ^quence of the animal and -i.^-Be-aeratedby reoon^J^ination of the 
, . 25.. oermline^equences)..,.Whether a GDR is a gennline or-non-germline.^q«ence can be 

determined by -sequencing the CDR and then comparing the sequence with known germline 
cequen-es . g. as listed in Kabat et al. (1991, Sequences of Proteins of Immunological 
•-interest; 5-edition, NrHPublicationNo.91-37.42,Pp2I47-2172)^ Significant vanation 

from the known germline sequences indicate, that the CDR is a non -germline CDR. 
30". Accordingly,inotherembodimentsoftheinvention,theCDRthatcontainsthe- 

amino acid sequence of the binding site is a genniine CDR or, alternatively, isa non^ 

germline CDR. , ^ . . 

The binding sile can l>= inserted into any of theCDRs of .he antibody.and is 
within .he skiliin the a« to insert the binding site into differentCDRs of d« antibody and 
35 then screen dte resulting modified antibodies for-the ability .o bind .0 parUetJar member 
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Of the binding pair. e.g. as discussed in Section 5.7. infra. TTius. one can detennine which 
CDR optimally contains the binding site. In specific embodiments, a CDR of either the 
heavy or light chain variable region is modified to contain the amino acid sequence of the 
binding site. In another specific embodiment, the modified antibody contains a variable 
5 domain in which the first, second or third CDR of the heavy variable region or the first. 
. second or third CDR of tiie light chain variable region contains the amino acid sequence of 
; ll,e binding site. In anotlier embodiment of the invention, more than one CDR contains the 
• amino acid se^juence of the binding site or more than one CDR each contains a differem 
binding site for the same molecule or contains a different binding site for a different 
.I0-inoleoule..ln particular, embodiments, two. three, foun five or six CDRs have been 

engineered to contain a binding site for the first memberx>r the binding pair. In a preferred 

emhodhnent..one or more CDRs contain a binding site for the.ftrst member of .a binding pair 
and one or more other CDRs contain a binding site for.a molecule on the surface of an 
. immune cell, such as. but not limited to, a T cell. B cell, NK cell, K cell. TIL cell or 
• 15 -neutroDhil. For example. a modified antibody having a binding site ibr a cancer antigen or 
■ an infectious disease antigen and a binding site for a molecule on the surface of an immune 
cell can be used to target the immune cell to a cancer cell bearing the cancer antigen or to the 

infectious disease agent. 

In specific embodiments of the invention, the binding site amino acid sequence is 

:'.0 ^either inserted into the CDR without replacing any cf. the amino acid sequence of the CDR 
riu^.ll'orralteniadvelyr«iebindingsite'amin(racidsequence^laces^^ 
. -amino-^cid sequenceof the CDR- In sj^cific embodinients.-tlie binding site amino acid 
.sequence replaces.1.2, 5, 8. 1 0,. 15,. or20. amino acids of the CDR sequence. 
. ■ .,,.llie amino acid sequence of the bindi«F/sitc)prescrat»^^^^^ 
25 -binding site necessary for the binding of the memb<^ ot:the^ndmgT)air ( which can be 
..determined empirically by any method known in the art): alternatively, the binding site can 
..l,e greater than the nunimal binding site necessary- for the binding of the member of the 
f.binding pair/In particular embodiments; the binding site amino acid sequence is at least 4 
.amino acids m length, or is at least 6. 8,.10, 15. or 20 amino acids in length. In other 
. 30 embodiments thebinding site amino acid sequence is no more than 10, 1 5, 20. or 25 amino 
acids in length, or is 5-10, 5-15, 5-20, 10-15, 10-20 or 10-25 amino.acids in length. 

In addition, the total length of the CDR {i.e., the combined length of the binding site 
sequence and the rest of the CDR sequence) should be of an appropriate number of amino 
acids to allow binding of-the antibody. to the antigen. CDRs have been observed to.have a 

35 
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range of numbers of amino acid residues, and the observed size ranges for the CDRs (as 
denoted by the abbreviations indicated in figure 2) are provided in Table 1 . 

Table 1 

5 CDR Nup^her of residues 

LI 10-17 
L2 . 7 

L3 7-11 
HI 5-7 
10 H2 9-12 

H3 2.25 

(compiled from.data in Kabal and Wu, \m, Ann.- NY Acad Sci. 
190:382-93) 

. While many CDR H3 regions are of 5-9 residue in lengtli, certam CDR H3 regions have 
15 -been obserN'ed that are much longer.-- In.paiticular, a number of antiviral antibodies have 
heavy, chain CDR H3 regions of 1 7-24 residues in lengtli. 

Accordingly, in spe<,-iric embodiments of the invention, the CDR containing the 
binding site is within the size range provided for that particular CDR in Table 1, if it is 
the first CDR of the light chain. LI, the CDR is 10 to 17 amino acid residues: if it is the 
■20 second CDRof the light chain, L2.the CDRis 7 amino acid residues; if it is the third CDR 
, . of the light chain, L3, the CDR is 7 to -1 1 amina acid residues; if it is thie first CDR of the 

. . heavy chain. III; the. CDR isS.to 7 amino acidresidues; if it is the second CDR of the heavy 
... ..chain, H2, the.CDR is.9 to A2.mino acid, residues;, and if.itis the third CDR of the heavy 

. cliain! H3. the CDR is 2 to 25:araino.add residue&*Jn-otlier.specific.en;bodiments, the CDR 
25 containing the binding site is 5-10. 5-15, 5-20,:i:l -IS, :ll-'20;g4-25,.or 16:25 amino acids in 
.... . . length. Jn other embodiments, the CDR containing the binding site is at least 5; 10, 15, or 

. 20 amino acids or is no more than 10, 15, 20, 25, or 30 amino acids in length. 
, ,..,.,.an specific embodiments the modified immuxioglobulinofthe invention contains a 

. portion of a.variable region, /.e.. .where either the heavy or the light chain contains. less tliar. 
30 .. the:framework regions and three CDRs, for example tuf not limited to, where the variable 
region contains one or two CDRs, and preferably, the intervening framework regions. 

. In a specific embodiment, the modified antibody immunospccifically binds the 
bradykinin receptor (for example, but not limited to the modified antibody described in 
section 6, infra).: In particular, the embodiment pro%'ides a modified antibody in which at 

35 
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least one CDR contains the amino acid sequence Arg-Pro-Pro-Gly-Phe-Gly-Phe-Ser-Pro- 
Phe-Arg. 

In other specific embodiments, the modified antibody immunospecifically bmds the 
human milk fat globule antigen, and at least one of the CDRs of the modified antibody 
5 contains an amino acid sequence selected from the following: (i) Ala-Tyr-Tip-Ile-Glu; (u) 

Glu.Ile-Leu.Pro.Gly-Ser-Asn-Asn.Ser.Arg.Tyr.Asn.Glu-Lys-Phei^^^^ 
. Asp-Ser-Ala-Vd-Tyr-Tyr-Cys-Ser-Arg-Ser- Tyr-Asp-Phe-Ala-Trp-Phe-Al^^^^ (iv) Lys- 
. Ser-Ser-Gln-Ser^xu-UuTyr-Ser-Ser-Asn-Gln-Lys-Ile-Tyr-U (v) Trp-Ala-Ser-nu- 

Arg-Glu-Ser; and (vi) Gln-Gln-Tyr-Tyr-Arg-Tyr-Pro-Arg-Tlw. 
10 ..,.,ina.more..pecificembodiment,the-CDRsof theheavychain variable region contam 

the amino acid sequences OKiii) above, whereas the CDRs of the hght chain-variable region 

contain the amino acid sequences (iv)-(vi) above. 
. . In specific embodiments, the invention provide a modified antibody that bmds 

human colon carcinoma-associated antigen and comprises a variable region having at least 
15 one CDR containing one of the following amino acid sequences: Thr-Ala-Lys-Ala-Ser-l.hi - 

Ser-V^-Ser^Asn-Asp-VaJ-Ala; lle-Tyr-Tyr-Ala-Ser-Asn-Arg-Tyr-Thr; Phe-Ala-Oln-Gln- 

Aso-Tyr-Ser-Ser-Pro-Uu-Thf; Phe-Thr-Asn-Tyr-Gly-Met-Asn; Ala-Gly-Tip-Ile-Asn-Thr- 

.Tyr.Thr.Gly:Glu.Pro-Thr-Tyr-Ala-Asp-Asp-Phe.L7s-Gl^ or Ala-Arg^Ala^Tyr-Tyr-Gly- 

LysTvr-Phe-Asp-Tyr. 

■20 . : After constracting antibodies contdning modified CDRs. the modified anubodies . 
.can.b.faiU.er altered and screened to select an antibody having higher afiimt>-.or.f.eca.cuy. 
• Antibodies having higher affinity or specificity for the target antigen may be generated and 
;^elected by ^v. method knoxvn in the art. For.example. but not by way of limitation, the 
.. nucleic acid encoding the synthetic modified^libody.can. be mutagenize^^ither randomly, 
■25 ./ , - by chemical or site-directed mutagenesisvc^ bymaking particular . mutations at specific 
positions in die nucleic acid encoding the modified antibody, and then screem.«g the 
-autibcviies exposed fh>m the mutated nucleic acid molecules for binding affimt>' for the 
■.;target aatigen.-.Screening-can be-accomplishedby.testinglhe expressed antibody molecules 
. • ii'dividually or by screening a library of the mutated sequences, e.g. , by. phage display 
• 30techniques.(see,..5..U.S.J'atent.No^^ 

et al; PCTPublication WO 92/01047 by McCafferty et al. or any other phage display 

technique known in the art). 

Accordingly, in a specific embodiment, the modified antibody has a higher 
specificity or affinity for an antigen tiian a naturally occuning antibody that 

35 
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immunospecifically binds the same antigen. In another embodiment, the modified antibody 
exhibits a binding constant for an antigen of at least 2x1 D'M. 

The modified antibodies of the invention may also be fiirther modified in any way 
know in the art for the modification of antibodies as long as the fiirther modification does 
5 notpreventorinhibitbindingofthemodifiedanfibodytotiieparticularantigen. In 

particular, the modified antibodies of tiie invention may have one or more amino acid 
.. -substitutions, deletions, insertions besides the insertion into or replacement of CDR 
. sequences xvithtiie amino acid sequence- of a binding sequence. Such amino acid 
. . substitutions, deletions or insertions can be any substitution, deletion or insertion tiiat does 
-.10 .notprevent-or inhibitthe immunospecific binding of the modified antibody to the target 
antigen. Foi example, such amino acid substitutions-include substitutions of.fimctionally 
equivalent amino acid residues. For example, one or more aminoacid residues can be 
... substituted by another.amino acid of a similar polarity which acts as a fimctional equivalent, 
. resulting in a silent alteration. Substitutes for an amino acid may be selected from other 
• 15 membersoftheclasstowhichtiieaminoacidbelongs. Forexample.tiienonpolar. 

(hydrophobic^ amino acids include alanine, leucine, isoieucine, valiue, proline, 
phenylalanine, tryptophan and methionine. The polar neutral amino acids include glycine, 
serine, tiureonine. cysteine, tyrosine, asparagine, and glutamine. The positively charged 
Xbasic) amino acids include arginine. lysine and histidine. The negatively charged (acidic) 

20 amino acids include aspartic acid and glutamic acid. 

.. ....Additionallv^^one or more amino acid residues within the sequence can be substiruted 

■ ^by a nottclassicai amino acid or chemical amino.acid analogs can be.introduced as a 
. . substitution or,addition into.the immunoglobulin sequence. .Non-classical amino acids 
. : include but are not limited to die D-isomers of.the.comn;on« acid.s;^a.amino .sobu.ync 
. ..25 .acid .4-aminobutyTic acid, Abu, 2.aminobutyric^cid..7-Abu.^.^x,6^^^^ 

acid Aib. 2-amtno isobutyric acid. 3-amino propionic acid, ornithine, norleucii^e, nor^'ailne. 
' ^ihvdroxyproline, sarcosine. citinlline.cysteic acid, t-butylglycinc, t-butylalanine.. 
-^1,henylglycine,'<:yclohexylalanine,p-alahine.lluoro^amino acids, desighet ammo acids such 
. . as p-mediyl amino acids, Ga-methyl aminoacids. Na-methyl amino acids,.and ammo acid 
. 30 analogs ingenerd.Furthennore.theamino acid can beD(dextxorotary) 

In a particular embodiment of the invention, the modified immunoglobulin has been 
fortlier modified to enhance its ability to elicit an anti-idiotype re,.ponsc..for example, as 
described in co-pending.United States Patent Application Serial No. entitled 
"Modified Antibodies with Enhanced Ability to Eficit An Anti-Idiotype Response" by 
35 Burch, filed November 13, 1998 (attorney docket no. 6750-015). which is incorporated by 

-16- 



wo 99/25378 



PCTAJS98/24302 



reference herein in its entirety. Such modifications are made to reduce the conformational 
constraints on a variable region of the immunoglobulin, e.g., by removing or reducing 
intrachain or interchain disulfide bonds. Specifically, the modified immunoglobulin is 
fiirther modified such that one or more variable region cysteine residues that form disulfide 
5 bonds are replaced with an amino acid residue that does not have a sulfhydryl group. 

. ..Identifying the cysteine residues that fomia disulfide bond :n a variable region of a 
• particular antibody can be accomplished by any method known in the art. For example, but 
• not by way of limitation, it is well known in the art that the cysteine residues that form ■ 
■ ^ intrachain disulfide bonds are highly conser^'ed among antibody classes and across species. 
.10 ,Thus..the cysteine residues that participate in disulfide bond formation can be identified by 
. sequence comparison with other antibody, molecules in. which it is known wiiich lesidues 
form a disulfide bond (for example the consensus sequences provided in;Figures.4 A and E. 
or those.described in Kabat et al, 1991, sequences of Proteins of Immunological Interest. 5th 
. Ed., U.S. Department of Health and Human Services. Bethesda, Maryland). 
15 :.L:^^3Mc 1 providesalist of the positions of disulfide bond forming cysteine residues 
for a number of antibody molecules. 



Tabic 2 



(derived from Kabat et al, 1991, sequences of Proteins of Immunological Interest, 5th Ed. 
■20 .^.S.,Department of Health and Human Services, Bethesda, Maiyland). 



Species 



25 



Human 
Human 
Human 
Human 
Hmnan 
Human 
Human 
Human 
Human 
Human 
Mouse 
Mouse 
Mouse 
35 Mouse 



30 



..Variable domain 



kappa light 
kappa light 
kappa light 
kappa light 
lathbda liglU 
lambda light 
lambda light 
lambda light 
lambda light 
lambda light 
kappa light 
kappa light 
kappa light 
kappa light 



Subgroup 
I 

II 
III 
IV 
I 

II 

nil 

IV 
V 
VI 

1 

II 
III 

IV 



Disulfide bond-forming 

•• '.cysteines 

(positions) 



53,88 
23,88 
23,88 
23.88 
23,88 
23,88 
23,88 
23,88 
23,88 
23,88 
23,88 
23,88 
23,88 
23,88 
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Variable domain 



Species 



Subgroup 



Disulfide bond-forming 

cysteines 
(positions) 

23,88 

23,88 

23,88 

23,88 

23,88 

23,88 

23,88 

23,88 

23,88 

23,88 

23,«8 
23(88) 

23,88 
23 (88) 

23,88 

23,88 
23 (88) 

23 (88) 

23,88 

22,92 

22,92 

22,92 

.22,92 

.22,92 

22,92 

22,92 

22,92 

22,92 

22,92 

22,92 

22,92 

22,92 

22,92 

22,92 
22.92 
22,92 
.22 (92) 
22,92 
22 (92) 
22(92) 
22 (92) 
22 (92) 
22,92 



Mouse 


kappa light 


V 


^ . Mouse 


kappa light 


VI 


Mouse 


kappa light 


vn 


Mouse 


kappa light 


Miscellaneous 


Mouse 


lambda light 




Chimnanzee 

^^Ji^-CA X&^^MA 


lambda light 




Rat 


kappa light 




Rat 


lambda light 




1 A Rflhbit 
Rabbit 


kappa light 




lambda light 




Tina 


ka{^a light 




Pta 
rig 


kanpa light 




rig 


lambda lieht 






lambda licht 




oiiecp 


lambda licht 




J 5 v--njCKCK 


lambda lieht 

AAill U^AAV 






lambda lifiht 




- IxalllSn 


lambda lifiht 




onaTK 


kaooa lifiht 


i 


nuiuoii 


heavy 


nuiuaii 


heav)' 


11 


T4iitn$in 

IIUIIICUI. 


heavy 


HI 




' heavy 


1(A) 


. Mouse 


heavy 


KB) 


Mouse 


heavy 


11 (A) 


/Mouse 


heavy 


U(B) 


Mouse 


heavy 


n(C) 


* Mouse 


heavy 


• III (A) 


Mouse 


heavy 


ni(B) 


25 Mouse 


heavy 


i UI (C) 


Mouse 


heavy 


ni(D) 


Mouse 


heavy 


VfA) 


Mouse 


heavy 


V (B) 


Mouse 


heavy 


Miscellaneous 


Rat 


heavy- 




Rabbit 


heavy 




Guinea pig 


heavy 




Cat 


heavy 




Dog 


heavy 




Pig 


heavy 




Mink 


heavy 




Sea lion 


heavy 




Seal 


heavy 




Chicken 


heavy 
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Species 
Duck 
j Goose 
Pigeon 
Turkey 
Caiman 
Xenopus frog 
Elops 
Goldfish 
10 Ratfish 
Shark 



Variable domain 

heavy 
heavy 
heavy 
heavy 
heavy 
heavy 
heavy 
heavy 
heavy 
heavy 



Disulfide bond-forming 
cysteines 
jositions) 
22 (92) 
22(92) 
22 (92) 
22(92) 
22.92 
22,92 
22,92 
22,92 
22(92) 
22,92 



..Positioanumbers enclosed by 0 indicate that the protein was not sequenced to that position, 
but the residue is inferred by comparison to known sequences. 

15 Notablv, for alS ofthe antibody molecules listed inTable 2. the cysteine residues thai. 

form the intrao'haia disulfide bonds are residues at positions 23 and 88 ofthe light chain 
variable domain and residues at positions 22 and 92 ofthe heavy chain variableidomain. 
The position numbers refer to the residue corresponding to that residue in thex:cnsensus 
sequences as definedin Kabat, (1991, Sequences of Proteins of Immimological Imcrest, 5th 

20 Ed., lJ.S..DeparUiient.of Health and Human Services. -Bethesda. Maryland) or as.iridicatol m 
.-theheavy and light-chain^ariable region sequences^epictcd in Figui-es 4A and E. 
respectiveW (as determined by aligning.tlie particular antibody sequence v^iththcawnsus 
...sequence .or.the-heav7 or light chain.variablc region. sequence depicted in Figures 4A and 
E). 

25 Accordingly, in one embodiment of tha invention, the modified-munuaoglobulm 

• -molecule is further modified such that the residues at positions 23 and/or 88 ofthe light 
: Chain are substituted with an amino acid residue that does not contain a suHhydryl group 
:md/orAe^.-esidaes«tpo5itions 22 an^^^^^^^ substituted udth an amino acid residue that. 

does not contain a sulfliydryl group. 
. 30 . -fhe amino acid residue: that substitutes for the disulfide bondforming cysteine 
readue is any amino acid residue thatdoes not contain a sulfhydryl group, e.g., alanine, 
arginine. asparagine, aspartate (or aspartic acid), glutamine, glutamate (or glutamic acid), 
glycine, histidinc, isoleucihe. leucine, lysine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine or valine. In a preferred embodiment, the cysteine residue is replaced 

35 
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with a glycine, serine, threonine, tyrosine, asparagine, or glutamine residue, most preferably 

with an alanine residue. 

Additionally, the disulfide bond forming cysteine residue may be replaced by a 
nonclassical amino acid or chemical amino acid analog, such as those listed supra, that does 
5 not contain a sulfhydiyl group. 

In specific embodiments, the substitution of the disulfide bond forming residue is in 
•• the heavy chain variable region or is in the light chain variable region or is in both the hea\7 
-'•chain and light chain variable regions. -In other specific embodiments, one of the residues 
. - that forms a particular disulfide bond is replaced (or deleted) or, alternatively, both residues 
1 Q lhat form a particular disulfide bond may be replaced (or deleted). 

In other specific embodiments, the invention provides functionall)- active fragments 
of a modified immunoglobulm. Functionally active fragment mean& that the Augment can 
... immmtospecifically bind the target antigen as determined by any method known in the art to 
•determine immunospecific binding {e.g., as described in Section 5.7 m>fl): For example, 
ISTSuclrfragments include but are not limited to: F(ab')ffragment<;.. which contain the variable 
. regions of both the heavy and the light chains, the light constant region and the CHI domain 
of tlie hea\y chain, which fragments can be generated by pepsin digestion of the antibody, 
and the Fab fiagments, generated by reducing the disulfide bonds of an F(ab')2 fragment 
(Figure I; King et., 1992, Biochem. J. 2Si:317); and Fv fragments, i.e., fi-agments m 
20 contain tl.e variable legion domains of both the heavy and light chain.-; (Rcichmaim and 
svWimer^l9.R8, y../Uo/-.Bto/.4Q2:825;.Kjng et al.,-.l^ 

The invention aiso.includes single chain antibodies (SCA) (U.S. Patent 4,946 J7S: 
. ; Bird. 1988, Science 242:423-426; Huston et al., 19.88, Proc. Natl Acad. ScL USA 85:5879- 
: .. 5883; and Ward et al., 1989, Nature 334:544r546>:)irSiBgle£haia'iantibodies are formed by 
25 linking the heavy and light chain fi:agments.of1hc.Rv;xegren via.anamino.acid bridge, 

• '.-resulting in a single chain polypeptide. . Additionally, the invenuoii also provides heavy 

• K.-chain and light chain dimers and diabodies. 

. •r>M7Thc.invention.fiirtheriprovides:TOodified.BHabodier. that aie also chimeric or 

; . humanized antibodies. A chimeric antibody is a molecule in which different portions of the 
•30 antibody molecale are derived from' different animal species, such as-thos&Jiaving a variable 
region derived from a murine mAb and a constant region derived from a human 
iimnunoglobulin constant region, e.g., hiunanized antibodies. Techniques have been 
developed for the pioduction of chimeric antibodies (Morrison et al., 1984, Proc.M. 
Acad. Sci. £1:6851-6855; Neubergeretal., t984, A^a/ure 112:604-608; Takeda et al., 1985, 
35 Nature 1H:452.454; International Patent Application No. PCT/GB85/00392 (Neuberger et 
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al. and Celltech Limited)) by splicing the genes from a mouse antibody molecule of 
appropriate antigen specificity together with genes from a human antibody molecule of 
appropriate biological activity can be used. In a specific embodiment, the syntiietic 
modified antibody is a chimeric antibody containing the variable domain of a non-human 
5 antibody and the constant domain of a human antibody. 

. „ . In a more preferred embodiment, the modified antibody, is a humanized antibody, 

• particularly an antibody in which the CDRs of the antibody (except for the one or more 

• GDRs containing the binding sequence) me derived from an antibody of a non-human 

. animal and the framework regions and constant region are from a human antibody (U.S. 
.1.0,.palent No. 5,225,539.by. Winter)..Such CDR-grafled antibodies have been successfiilly 
. consuucted against various antigens, for e^tampk, antibodies against iL-2 receptor as 
„ described in .Queen et al, 1989, Proc .NatlHcad. Sci t/&i 16:10029; antibodies against cell 
. surface receptors-CAMPATH as described in Riechmann et al., 1 988.. Nature 312:323: 

antibodies against hepatitis B in Co et al.. 1991. />roc. Natl Acad. Sci USA M:2869; as well 
. l^^as against viral antigens of the respirator)' synciiial virus in Tempest el al.^ 1991 , Bio- 
Technology 9:267. 

CDR-grafted variable region genes have been coastnictcd by various methods such 
as site-directed mutagenesis as descnbed i;. Jone. ct al... 1986, Nature 321:^22: Riechmami 
et al. 1988. Nature 232:323; in v»7ma.ssembly of entire GDR-grafted- variable regions ' 
20 .(Queen et al.. 1989,.Proc.. Natl. Acad Sci. USA. M:10029); and the use of PGR to syntiiesi/^ 
.^Qm^T^^i^d %ctxf:^i^^mg\it^^^^ iS-2471). CDR-^grafted 

antibodies are generated in which the CDRs of tt.e murine monoclonal antibody are grafted 
=ontatiie.frameworictcgions.of.a human antib6dy...Followrggraftin^^ 
. -= benefit from additional amino acid changesnii Jhe-framc^.'Prk;TegiG.n.to maimam affinity, 
25 presumably because frameworit residue anri^ecessary .lo mainiaiii^DR conformation, and 
. some framework residues have been dcmonsttated to be part of the antigen combining site. 
. Thus, in specificembodiments of the invention, the modified antibody c^.mprises a variable 
.domain in which-at least one of tte framework regionij ha., one or more amino acid residues 

: that differ .from the residue at that position in tlie naturaliy occurring framework region. 
30 . ,v In a preferred embodiment of Ihe invention, tiie modified antibody is derived from a 
. human monoclonal antibody. The creation of completely human monoclonal antibodies is 
possible tiirough the use of transgenic mice. Transgenic mice in which the mouse 
immunoglobulin gene loci have been replaced with human immunoglobulin loci provide in 
■ vivo affinity-maturation machinery for the production of human immunoglobulins. 
35 
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In certain embodiments, the modified immunoglobulin (or fragment thereof) is fused 
via a covalent bond (for example, but not by way of limitation, a peptide bond) at either the 
N-terminus or the C-terminus to an amino acid sequence of another protein (or portion 
thereof, preferably an at least 10, 20, or 50 amino acid portion thereoO that is not the 
5 modified immunoglobulin. Preferably, the modified immunoglobulin is covalently linked 
. to the other protein at the N^erminus of the constant domain of the modified 
immunoglobulin. In prefeired embodiments, the invention provides fiision proieins in which 
tl.e modified iimnunoglobulin is covalently linked to a portion of a growth enhancing factor 
or a portion of an immimostimulator:.- factor, including interleukin-2. interleukin-4. 
lQimerleukin.5..mtericukin.6. interleukin-7, interleuki^ interleukin-12.. interleukin-15, G- 
- colony stimulating factor, tumor necrosis faclor,'ponn.:interferon-gamnia,aiidNK cell . 

antigen or MHC derived peptide. 

The modified immunoglobulin may be further modified, e.g, by the covalent 
attachment of anv type of molecule, as long as such covalent attachment does not prevent or 
' 5..inhibit mmiunospecific binding of the immunoglobulin to its target antigen. For example., 
but not by way of limiwtion, the modified immunoglobulin may be further modified, e.g.. 
by glvcosylation, acetylation, pegylation, phosphorylation, amidation. derivatizationby 
kno^^^ protecting-Zblocking groups, proteolytic cleavage, linkage to a cellular ligand or other 
protein, etc. .Any of numerous chemical modifications may be carried out by known 
20. tec.hniques. inciuding, but.not limited to specific chemical cleavage, acetylation, 
.,fomiylation;^etabolic synthesis of tunicamycin; etc- Additi^^^^^^^ 
.mav contain oneor more non-classical amino acids. ..g.. as listed above in this SecUon. 

. Ittspccificembodiments ofthe invention, the.modified immunoglobulm (or a 
fragment thereofvis-covalently linked to a therapeutic.iiolecule,.for«xample. to target the 
•25 Aempeutic molecule to a parucdar cell type ortissue,:e:ff;^.caacer«rtumor cell. The 
.therapeutic molecule can be any type of dierapeuiic molecule known in t^.e art. for example, 
. hui not limited to, a chemotherapeutic agent a toxin, such as ricin. an antisense 
...-oligonucleotide, ai^ionuclide, an antibiotic, anti-viral, or anti-parasitic, etc. 

30 
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^ ^ ir>r«nns OF PRQDU^^^^^- TWl^ MODIFTFO IMMUNOGLOBULIN 
* The modified immunoglobulins of this invention can be produced by any method 
known in the art for the synthesis of immunoglobulins, in particular, by chemical synthesis 
5 or by recombinant expression, and is preferably produced by recombinant expression 

techniques. 

Recombinant expression of the modified immunoglobulin of the invention, or 
fragment thereof, requires construction of a nucleic acid encoding the modified 
inmiunoglobulin. Such an isolated nucleic acid which contains a nucleotide sequence 

10 encoding the modified immunoglobulin can be produced using any method known m the art, 
for example, recombinant techniques or chemical synthesis (e.g., see Creighion, 1983, 
"Proteins: Strtictures and Molecular Principles". W.H. Freeman & Co., N.Y.. pp.34-49; and 
Sambrook et al., 1989, Molecular Cloning. A Laboratory Manual. Cold Spnngs Harbor 
Press, N.Y.), or using PCR on known immunoglobulin genes to engineer the nucleotide 

15 sequence encodmg the CDR sequence containing the binding site. 

Accordingly, the invention provides nucleic acids that contain a nucleotide sequence 
encoding a modified immunoglobulin of the invention, or a functionally active fragment 
thereof. 

Preferably, a nucleic acid that encodes a modified immunoglobuhn may be 
20 assembled from chemically synthesized oligonucleotides (e.g., as described in Kutmeier et 
al 1994 Biotechniques 1 7.:242), which, briefly, inv olves the synthesis of a set of 
overlapping oligonucleotides containing portions of the sequence encoding the modified 
inmiunoglobulin. amiealing and ligation of Lhose oligonucleotides, and then amplification of 
the ligated oligonucleotides by PCR, e.g., as exemplified in Section 6, infra. 
25 Accordingly, the invention provides-a method of producing anucleicacid encodmg a 

modified immimoglobulin. said method comprising: (a) synthesizing a set of 
oligonucleotides, said set comprising oligonucleotides containing a portion of the nucleotide 
sequence that encodes the synthetic modified immunoglobulin and oligonucleotides 
containing a portion of the nucleotide sequence that is complementary to the nucleotide 
30 sequence that encodes the synthetic modified immunoglobulin, and each of said 

oligonucleotides having overlapping terminal sequences with another oligonucleotide of said 
set except for those oligonucleotides containing the nucleotide sequences encoding the N- 
terminal and C-terminal portions of the synthetic modified immunoglobulin; (b) allowing 
the oligonucleotides to hybridize or amieal to each other; and (c) ligating the hybndized 

35 
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oligonucleotides, such that a nucleic acid containing the nucleotide sequence encoding the 
synthetic modified immunoglobulin is produced. 

Alternatively, a nucleic acid containing a nucleotide sequence encoding a modified 
immunoglobulin can be constructed from a nucleic acid containing a nucleotide sequence 

5 encoding, e.g.. an antibody molecule, or at least a variable region of an antibody molecule. 
Nucleic acids containing nucleotide sequences encoding antibody molecules can be obtained 
either from existing clones of antibody molecules or variable domains or by isolating a 
nucleic acid encoding an antibody molecule or variable domain from a suitable source, 
preferably a cDNA library e.g., an antibody DNA library or a cDNA library prepared from 

10 cells or tissue expressing a repertoire of antibody molecules or a synthetic antibody library 
(see. e.g., Clackson et al.. 1991, Nature 352:624; Hane et al., 1997, Proc. Natl. Acad. Sci 
USA 94:4937). for example, by hybridization using a probe specific for the particular 
antibody molecule or by PCR amplification using synthetic primers hybridizable to the 3' 

and 5' ends of the sequence. 

1 5 Once a nucleic acid containing a nucleotide sequence encoding at least a variable 

region of an antibody molecule has been cloned, then the binding site sequence can be 
inserted into the nucleotide sequence coding for one or more of the CDRs. Such engineering 

. of the particular CDR coding sequence can be accomplished by routine recombinant DNA 
techniques known in the art. For example, the nucleotide sequence encoding the CDR can 

20 be replaced by a nucleotide sequence encoding the CDR containing the particular binding 
site sequence, for example, using PCR based methods, in vitro site directed mutagenesis, 
etc If a convenient restriction enzyme site is available in the nucleotide sequence of the 
CDR then the sequence can be cleaved with the restriction enzyme and a nucleic acid 
fragmem containing the nucleotide sequence encoding^the binding site can be ligated into 

25 the restriction site. The nucleic acid fragment containing the binding site can be obtained 
either from a nucleic acid encoding all or a portion of the protein containing the binding site 
or can be generated from synthetic oligonucleotides containing the sequence encoding the 
binding site and its reverse complement. 

The nucleic acid encoding the modified antibody optionally contains a nucleotide 

30 sequence encoding a leader sequence that directs the secretion of the synthetic modified 
antibody molecule. 

Once a nucleic acid encoding at least the variable domain of the modified antibody is 
obtained, it may be introduced into a vector containing the nucleotide sequence encoding the 
constant region of the antibody (see. e.g., PCT Publication WO 86/05807; PCT Publication 
35 WO 89/01036; and U.S. Patent No. 5,122.464). Vectors containing the complete light or 
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heavy chain for co-expression with the nucleic acid to allow the expression of a complete 
antibody molecule are also available and are known in the art, for example, pMRROlO.l 
and pGammal (see also Bebbington, 1991, Methods in Enzymology 2:136-145) . 
The expression vector can then be transferred to a host cell by conventional 
5 techniques and the transfected cells can be cultured by conventional techniques to produce 
the antibody of the invention. Specifically, once a nucleic variable region of the modified 
antibody has been generated, the modified antibody can be expressed, for example, by the 
method exemplified in Section 6. (See also Bebbington, 1991 , Methods in Enzymology 
2 136-145.) For example, by transient transfection of the expression vector encoding the 
10 modified immunoglobulin into COS cells, culturing the cells for an appropriate period of 
time to pemiit immunoglobulin expression, and then taking the supernatant from the COS 
cells, which supernatant contains the secreted, expressed modified immunoglobulm. 

The host cells used to express the recombinant antibody of the invention may be 
either bacterial cells such as Escherichia coli. particularly for the expression of recombinant 
15 antibody fragments or, preferably, eukaryotic cells, particularly for the expression of 
recombinant antibody molecules. In particular, mammalian cells such as Chinese hamster 
ovary cells (CHO) or COS cells, used in conjunction with a vector in which expression of 
the antibody is under control of the major intermediate eariy gene promoter element from 
human cytomegalovirus is an effective expression system for immunoglobulins (Foecking et 
20 al., 1986, Gene 45:101; Cockettetal., 1990, 8:662). 

A variety of host-expression vector systems may be utilized to express the antibody 
coding sequences of the invention. Such host-expression systems represent vehicles by 
which the coding sequences of interest may be produced and subsequently purified, but also 
produce cells which may, when transformed or transfected with the appropriate nucleotide 
25 coding sequences, exhibit the antibody product of the invention in situ. These systems 
include, but are not Hmited to, microorganisms such as bacteria {e.g., K coli, B. subtilis) 
transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expres- 
sion vectors containing antibody coding sequences; yeast (e.g.,Saccharomyces, Pichia) 
transformed with recombinant yeast expression vectors containing antibody coding 
30 sequences; insect cell systems infected with recombinant virus expression vectors (e.g., 
baculovirus) containing the antibody coding sequences; plant cell systems infected with 
recombinant virus expression vectors {e.g., cauliflower mosaic virus, CaMV; tobacco 
mosaic virus, TMV) or transformed with recombinant plasmid expression vectors (e.g. , Ti 
plasmid) containing antibody coding sequences; or mammalian cell systems (e.g., COS. 
35 CHO, BHK, 293, and 3T3 cells) harboring recombinant expression constructs contaimng 
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promoters derived from the genome of mammalian cells (e.g., the metailothionein promoter) 
or from mammalian viruses (e.g., the adenovirus late promoter; the vaccmia virus 7.5K 
promoter). 

In bacterial systems, a number of expression vectors may be advantageously selected 
5 depending upon the use intended for the antibody being expressed. For example, when a 
large quantity of such a protein is to be produced, for the generation of pharmaceuUcal 
compositions of an antibody, vectors which direct the expression of high levels of fusion 
protein products that are readily purified may be desirable. Such vectors include, but are not 
limited, to the £. coli expression vector pUR278 (Ruther et al., 1983. EMBO J. 2:1791), in 
10 which the antibody coding sequence may be ligated individually into the vector m frame 
with the lac Z coding region so that a fusion protein is produced: pIN vectors (Inouye & 
Inouye, mS. Nucleic Acids Res. 13:3101-3109; Van Heeke & Schuster, 1989, J. Biol. 
Chen, 264-5503-5509); and the like. pGEX vectors may also be used to express foreign 
polypeptides as fusion proteins with glutathione S-transferase (GST). In general, such 
15 fusion proteins are soluble and can easily be purified from lysed cells by adsorption and 
binding to a matrix glutathione-agarose beads followed by elution in the presence of free 
glutathione. The pGEX vectors are designed to include thrombin or factor Xa protease 
cleavage sites so that the cloned target gene product can be released from the GST moiety. 
In an insect system, a „t.pr.phn califomica nuclear polyhedrosis virus (AcNPV) is 
20 used as a vector to express foreign genes. The virus grows in S podoptera frugiperda c ells. 
Tlie antibody coding sequence may be cloned individually into non-essential regions (for 
example the polyhedrin gene) of the virus and placed under control of an AcNPV promoter 
(for example the polyhedrin promoter). 

In mammalian host cells, a number of viral-based expression systems may be 
25 utilized. In cases where an adenovirus is used as an expression vector, the antibody coding 
sequence of interest may be ligated to an adenovirus transcription/translation control 
complex. e.g., the late promoter and tripartite leader sequence. This chimeric gene may then 
be inserted in the adenovirus genome by in vitro or in vivo recombination. Insertion m a 
non-essential region of the viral genome (e.g., region El or E3) will result in a recombinant 
30 virus that is viable and capable of expressing the antibody in infected hosts (e.g., see Logan 
& Shenk, 1984, Proc. Natl. Acad. Sci. USA 81:3655-3659). Specific initiation signals may 
also be required for efficient translation of inserted antibody coding sequences. These 
signals include the ATG initiation codon and adjacent sequences. Furthermore, the 
initiation codon must be in phase with the reading frame of the desired coding sequence to 
35 ensure translation of the entire insert. These exogenous translation^ control signals and 
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initiation codons can be of a variety of origins, both natural and synthetic. The efficiency of 
expression may be enhanced by the inclusion of appropriate transcription enhancer elements, 
transcription tenninators, etc. (see Bittner et al, 1987, Methods in Enzymol 153:516-544). 
In addition, a host cell strain may be chosen which modulates the expression of the 

5 inserted sequences, or modifies and processes the gene product in the specific fashion 
desired Such modifications (e.g.. glycosylation) and processing (e.g., cleavage) of protem 
productsmaybeimportantforthefunctionoftheprotein. Different host cells have charac- 
teristic and specific mechanisms for the post-translational processing and modification of 
proteins and gene products. Appropriate cell lines or host systems can be chosen to ensure 

10 the correct modification and processing of the foreign protein expressed. To this end, 
eukaryotic host cells which possess the cellular machinery for proper processmg of the 
primary transcript, glycosylation, and phosphorylation of the gene product may be used. 
Such mammalian host cells include but are not limited to CHO, VERO, BHK, HeLa, COS, 

MDCK, 293, 3T3, W138. 

1 5 For long-term, high-yield production of recombinant proteins, stable expression is 

preferred. For example, cell lines which stably express the antibody may be engineered. 
Rather than using expression vectors which contain viral origins of replication, host cells can 
be transformed with DNA controlled by appropriate expression control elements (e.g. . 
promoter, enhancer, sequences, transcription terminators, polyadenylation sites, etc.), and a 

20 selectable marker. Following the introduction of the foreign DNA, engineered cells may be 
allowed to grow for 1-2 days in an enriched media, and then are switched to a selective 
media The selectable marker in the recombinant plasmid confers resistance to the selection 
and allows cells to stably integrate the plasmid into their chromosomes and grow to fonn 
foci which in turn can be cloned and expanded into cell lines. This method may 

25 advantageously be used to engineer cell lines which express the antibody. Such engineered 

cell lines may be particularly useful in screening and evaluation of compounds that interact 

directly or indirectly with the antibody. 

^ number of selection systems may be used, including but not limited to the herpes 
simplex virus thymidine kinase (Wigler et al.. 1 977, Cell 11:223), hypoxanthine-guanine 

30 phosphoribosyltransferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA 

48-2026) and adenine phosphoribosyltransfemse(Lowyetal., 1980. Ce// 22:817) genes can 
be employed in tk", hgprt" or aprf cells, respectively. Also, antimetabolite resistance cai. be 
used as the basis of selection for the following genes: dhfr, which confers resistance to 
methotrexate (Wigler et al.. 1980, Nad. Acad. Sci. USA rL:.356T, O'Hare et al., 1981 , Proc. 

35 Natl. Acad Sci. USA 78:1527); gpt. which confers resistance to mycophenolic acid 
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(Mulligan* Berg, 1981. Froc. Natl Acad. Sci. USA 75:2072); neo, which confers «s.s«nce 
L the aminoglycoside G-418 (Colberre-Oan^in e. al .1 1981,^. Moi Biol. Ii0:l); and hygro. 
which confers resistance Co hygromycin (Sanlerre el al.. 1984, Gene 30:147). 

The expression levels of the synthetic tnodified antibody can be increased by vector 
5 amplifcadon (for a review, see Bebbington and Hentschel, ne Use of Vecors Based on 
Gem Amplification for ,he Expression of Cloned Genes in Uanmaiian Cells in DNA 
Cloning Vol,3. (Academic Press, New York, 1987)). When a maAer in the vector system 
expressing immunoglobulin is amplifiable. increase in the level of inhibitor present in 
culture of host cell will increase the number of copies of the marker gene. S.nce the 
10 amplified region is associated with the immunoglobulin gene, productton of the 
immunoglobulin will also increase (Crouse et al., 1983. Mol Cell Biol 3:257). 

The host cell may be co-transfected with two expression vectors of the invention, the 
first vector encoding a heavy chain derived polypeptide and the second vector encoding a 
light chain derived polypeptide. TTte two vectors may contain identical selectable markers 
15 which enable equal expression of heavy and light chain polypeptides. Alternatively, a smgle 
vector may be used which encodes both heavy and light chain polypepUdes. In such 
situations, the light chain should be placed before the heavy chain to avoid an excess of 
toxic freeheaw chain (Proudfoo, 1986, Nature 322:562; Kohler, ^m.Proc. Natl Acad. 
Sci. USA n:2197). The coding sequences for the heavy and light chains may comprKc 

20 cDNA or genomic DNA. 

The invention provides a recombinant cell that contain a vector whtch encodes a 
synthetic antibody that has a CDR that contain the amino acid sequence of an active brndtng 
site from a member of a binding pair. 

25 53 TliF^. --^^^r TISE OF SYNTH ETTr MODTFTFD ANTIBODIES 

The invention also provides methods for treating or preventing diseases and 
disorders associated with the expression of a particular molecule by administration of a 
therapeutic of the invention (termed herein "Therapeutic"). Such Therapeutics include the 
modified immunoglobulins of the invention, and functionally active fragments thereof, (e.,., 
30 as described in Section 5.1, supra), and nucleic acids encoding the modxfied 

immunoglobulins of the invention, and functionally active fragments thereof (e.g., as 

described in Section 5.2, JMpra.)- . 

Generally, administration of products of a species origin or species reactivity that is 
the same species as that of the subject is preferred. Thus, in preferred embodiments, the 
35 therapeutic methods of the invention use a modified aritibody that is derived from a human 
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antibody; in other embodiments, the methods of the invention use a modified antibody that 
is derived from a chimeric or humanized antibody. 

Specifically, pharmaceutical compositions containing the modified antibodies (or 
functionally active fragment tiiereof) of the invemion that immunospecifically bind a 

5 particular molecule can be used in the treatment or prevention of diseases or disorders 
associated with the expression of the particular molecule, e.g.. an antigen. In particular, m 
embodiments discussed in more detail in the subsections tiiat follow, modified antibodies 
that immunospecifically bind a tumor or cancer antigen or an antigen of an mfecuous 
disease agent or a cellular receptor for an infectious disease agent can be used to treat or 

1 0 prevent tumors, cancers or infectious diseases associated with the expression of the 
particular antigen. Modified immunoglobulins that immunospecifically bind a ligand or 
receptor can be used to treat or prevent a disease associated with a defect in decrease m or 
increase the amount of the particular ligand receptor. In certain embodiments, the modified 
immunoglobulins are used to treat or prevem autoimmune disease, including but not limited 

15 to rheumatoid arthritis, lupus, ulcerative colito, or psoriasis. The modified 
immunoglobulins may also be used to treat allergies. 

The subjects to which tiie present invention is applicable may be any mammalian or 
vertebrate species, which include, but are not limited to, cows, horses, sheep, pigs, fowl 
chickens), goats, cats, dogs, hamsters, mice, rats, monkeys, rabbits, chimpanzees, and 

20 humans. In a preferred embodiment, the subject is a human. 

53.1. TPl^AT^fFNT AN^ prfVF.NTION OF CANCERS 
The invention provides methods of treating or preventing cancers characterized by 
the presence of a particular cancer antigens -which are a member of a binding pair. The 
25 metiiod includes administering to a subject in need of.uchtreatmem or prevention a 
Therapeutic of tiie invention, e.g., a synthetic modified antibody (or functionally active 
fiagmem tiiereof) that immunospecifically binds to the particular cancer antigen, which 
antibody comprises a variable domain with a CDR containing the amino acid sequence of a 

binding site for the cancer antigen. 
30 Cancers, including, but not limited to, neoplasms, tumors, metastases, or any disease 

or disorder characterized by uncontrolled cell growth, can be treated or prevented by 
administration of the synthetic modified antibody of the invention, which modified antibody 
immunospecifically binds one or more antigens associated witix the cancer cells of the cancer 
to be treated or prevented. Whether a particular Therapeutic is effective to treat or prevem a 

35 
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certain type of cancer can be determined by any method known in the art, for example but 
not limited to, these methods described in Section 5.6, infra. 

For example, but not by way of limitation, cancers and tumors associated with the 
following cancer and tumor antigens may be treated or prevented by administration of a 
5 synthetic antibody of the invention containing in its CDR the sequence that recognizes these 
cancer antigens: KSlMpan-carcinoma antigen (Perez and Walker, 1990,J./m^^^^^^ 

142-3662-3667; Bumal, 1988, Hybridoma 7(4):407-415), ovarian carcinoma antigen 
(CA125) (Yu et al., 1991, Cancer Res. 5i(2):468-475). prostatic acid phosphate (Tailor et 
al 1990 Nucl Acids Res. 18(16):4928), prostate specific antigen (Henttu and Vihko. 1989, 

10 Biochem. Biophys. Res. Comm. i60(2):903-910; Israeli et al., 1993, Cancer Res. 

53-227-230) melanoma-associated antigen p97 (Estin et al.. 1989,7. Natl. Cancer Instit. 
8i(6)-445-446), melanoma antigen gp75 (Vijayasardahl et al., 1990, J. Exp. Med 
1 71(4)-1375-1380), high molecular weight melanoma antigen (HMW-MAA) (Natah et al., 
1987 C.«cer 59:55-63; Mittelman et al., 1990, J. Clin. Invest. 86:2136-2144), prostate 

15 specific membrane antigen, carcinoembryonic antigen (CEA) (Foon et al., 1994, Proc. Am. 
Soc Clin Oncol. 13 :294), polymorphic epithelial mucin antigen, human milk fat globule 
antigen, colorectal tumor-associated antigens such as: CEA, TAG-72 (Yokata et al.. 1992, 
Ca«c.r/^e.. 52:3402-3408), C017.1A(Ragnhammaretal., \99XInt.J. Cancer S^H 51- 
758)- GICA 19-9 (Herlyn et al., 1982, J. Clin. Immunol. 2:135), CTA-1 and LEA, Burkitt's 

20 ly^jihoma antigen-38.13, CD19 (Ghetie et al., 1994, Blood 83:1329-1336). human B- 

lymphoma antigen-CD20 (Reff et al., 1994, 5 W 83:435-445), CD33 (Sgouros et al., 1993, 
J. Nucl. Med 34:422-430), melanoma specific antigens such as ganglioside GD2 (Saleh et 
al 1993 J Immunol., 151, 3390-3398), ganglioside GD3 (Shitara et al., 1993, Cancer 
Immunol. Immunother 26:373-380), ganglioside GM2 (Livingston et al., 1994,7. Chn. 

25 Oncol 12:1036-1044). ganglioside GM3 (Hoon et al.. 1993, Cancer Res. 53:5244-5250). 
tumor-specific transplantation type of cell-surface antigen (TSTA) such as virally-induced 
tumor antigens including T-antigen DNA tumor viruses and Envelope antigens of RNA 
tumor viruses, oncofetal antigen-alpha-fetoprotein such as CEA of colon, bladder tumor 
oncofetal antigen (Hellstrom et al.. 1985, Cancer. Res. 45:2210-2188), differentiation 

30 antigen such as human lung carcinoma antigen L6,L20(Hellstrometal., me,Cancer Res. 
46-3917-3923), antigens of fibrosarcoma, human leukemia T cell antigen-Gp37 
(Bhattacharva-Chatterjeeetal., 1988, J. of Immunospecifically. 141:1398-1403), 
neoglycopr^tein, sphingolipids, breast cancer antigen such as EGFR (Epidermal growth 
factor receptor), HER2 antigen (pl85--), polymorphic epithelial mucin (PEM) (Hilkens et 
35 al 1992 Trends in Bio. Chem. Sci. 12:359), malignant human lymphocyte antigen-APO-l 
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(Bemhard et al.. 1989, Science 245:301-304). differentiation antigen (Feizi, 1985. Nature 
314-53.57) such as I antigen found in fetal erythrocytes, primary endoderm. I antigen found 
in adult erythrocytes, preimplantation emb.70s, I(Ma) found in gastric adenocarcmomas, 
M18 M39 found in breast epithelium, SSEA-1 found in myeloid cells, VEP8. VEP9, Myl, 
5 VIm'.D5 D,56-22 found in colorectal cancer, TRA-1-85 (blood group H), CM found m 
colonic adenocarcinoma, F3 found in lung adenocarcinoma, AH6 found in gastric cancer, Y 
hapten Le^ found in embryonal carcinoma cells, TL5 (blood group A), EGF receptor found 
in A431 cells , E, series (blood group B) found in pancreatic cancer, FC10.2 found m 
embryonal carcinoma cells, gastric adenocarcinoma antigen. CO-514 (blood group Le») 
10 found in Adenocarcinoma, NS-10 found in adenocarcinomas, CO-43 (blood group Le^), G49 
found in EGF receptor of A431 cells, MH2 (blood group ALe^/Le^) found in colomc 
adenocarcinoma, 19.9 found in colon cancer, gastric cancer mucins, T,A, found m myeloid 
cells found in melanoma, 4.2, G,3, Dl.l, OFA-1, Gm. OFA-2, Go. and Ml:22:25:8 
found in embryonal carcinoma cells, and SSEA-3 and SSEA-4 found in 4 to 8-cell stage 
15 embryos. In one embodiment, the antigen is a Tcell receptor derived peptide from a 
Cutaneous Tcell Lymphoma (see, Edelson, 1998, Hie Cancer Journal 4:62). 

In other embodiments of the invention, the subject being treated xvith the modified 
antibody may, optionally, be treated with other cancer treatments such as surgery, radiation 
therapy or chemotherapy. In particular, the Therapeutic of the invention used to treat or 
20 prevent cancer may be administered in conjunction with one or a combination of 

chemotherapeutic agents including, but not limited to, methotrexate, taxol, mercaptopunne, 
thioguanine, hydroxyurea, cytarabine, cyclophosphamide, ifosfamide, nitrosoureas, 
cisplatin, carboplatin, mitomycin, dacarbazine, procarbizine, etoposides, campathecins, 
bleomycin, doxorubicin, idarubicin, daunorubicin,.dactinomycin, plicamycin,.mitoxantrone, 
25 asparaginase, vinblastine, vincristine, vinotelbine, paclitaxel, docetaxel, etc. In a preferred 
embodiment, the synthetic modified antibody is conjugated to a chemotherapeutic agem or 
other type of toxin, e.g., a ricin toxin, or a radionuclide, or any other agent effective to kill 
cancer or tumor cells or to arrest cancer cell growth. In another preferred embodiment, the 
modified immunoglobulin has one CDR containing a binding site for a cancer antigen and 
30 another CDR containing a binding site for molecule on the surface of an immune cell, such 
as but not limited to a T cell, a B cell, NK cell, K cell, TIL cell or neutrophil. 

In certain embodiments of the invention where the CDR of the synthetic modified 
antibody includes an amino acid sequence that immunospecifically binds a human colon 
carcinoma-associated protein antigen, it is preferred that the antibody has the foUowmg 
35 characteristics: (i) the antibody recognizes epitopes of a protein component of the antigen, 
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but does not recognize the epitopes of the carbohydrate component(s) of the antigen; (ii) the 
antigen is not detectable on normal human tissue; and (iii) the antigen is not detectable on 
human carcinoma cells other than colon carcinoma cells. In other embodiments, the CDR of 
the synthetic modified antibody includes an amino acid sequence that immunospec.fically 
5 binds an antigen which is not detectable on human carcinoma cells other than breast 
carcinoma cells. In yet other embodiments, the CDR of the synthetic modified antibody 
includes an amino acid sequence that immunospecifically binds an antigen is not detectable 
on human carcinoma cells other than ovarian carcinoma cells. 

10 MALIGNANCIES 

Malignancies and related disorders that can be treated or prevented by administration 
of a Therapeutic of the invention include but are not limited to those listed in Table 2 (for a 
review of such disorders, see Fishman et al., 1985, Medicine, 2d Ed., J.B. Lippincott Co., 



Philadelphia): 



15 



20 



TABLES 

MAT JCNANCF^^ AND RELATED DISORDERS 



Leukemia 

acute leukemia 

acute lymphocytic leukemia 
acute myelocytic leukemia 
myeloblastic 
promyelocytic 
myelomonocytic 
monocytic 

25 erythroleukemia 

chronic leukemia . m , 

chronic myelocytic (granulocytic) leukemia 
chronic lymphocytic leukemia 
Polycythemia vera 
Lymphoma 

Hodgkin's disease 
non-Hodgkin's disease 
Multiple myeloma 
Waldenstrom's macroglobulinemia 
Heavy chain disease 
Solid timiors 

sarcomas and carcinomas 
fibrosarcoma 
myxosarcoma 
35 liposarcoma 



30 
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chondrosarcoma 
osteogenic sarcoma 
chordoma 
angiosarcoma 
endotheliosarcoma 
lymphangiosarcoma 
lymphangioendotheliosarcoma 

synovioma 
mesothelioma 
Ewing's tumor 
leiomyosarcoma 
rhabdomyosarcoma 
colon carcinoma 
pancreatic cancer 
breast cancer 
ovarian cancer 
prostate cancer 
squamous cell carcinoma 
basal cell carcinoma 
adenocarcinoma 
sweat gland carcinoma 
15 sebaceous gland carcinoma 

papillary carcinoma 
papillary adenocarcinomas 
cystadenocarcinoma 
medullary carcinoma 
bronchogenic carcinoma 
renal cell carcinoma 
hepatoma 

bile duct carcinoma 

choriocarcinoma 

seminoma 

embryonal carcinoma 
Wilms* tumor 
cervical cancer 
uterine cancer 

25 testicular tumor 

lung carcinoma 
small cell lung carcinoma 
bladder carcinoma 
epithelial carcinoma 
glioma 
astrocytoma 
medulloblastoma 
craniopharyngioma 
ependymoma 
pinealoma 
hemangioblastoma 
acoustic neuroma 
oligodendroglioma 
meningioma 

35 melanoma 
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neuroblastoma 
retinoblastoma 



In specific embodiments, malignancy or dysproliferative changes (such as 
' metaplasias and dysplasias), or hyperproliferative disorders, are treated or prevented in the 
ovary bladder, breast, colon, lung, skin, pancreas, prostate, uterus, gastrointestmal tract. B 
lymphocytes or T lymphocytes. In other specific embodiments, sarcoma, melanoma, or 
leukemia is treated or prevented. 

10 53 1.2. PRfMAMGNANT rONDITIONS 

The Therapeutics of the invention can also be administered to treat premalignant 
conditions and to prevent progression to a neoplastic or malignant state, including, but not 
limited to. those disorders listed in Table 3. Such prophylactic or therapeutic use is 
indicated in conditions known or suspected of preceding progression to neoplasia or cancer, 
in particular, where non-neoplastic cell growth consisting of hyperplasia, metaplasia, or 
most particularly, dysplasia has occurred (for review of such abnormal growth conditions, 
see Robbins and Angell, 1976, Basic Paihology, 2d Ed., W.B. Saunders Co., Philadelphia, 
pp 68-79 ) Hyperplasia is a form of controlled cell proliferation involving an mcrease in 
cell number in a tissue or organ, without significant alteration in structure or fimction. As 
2^ but one example, endometrial hyperplasia often precedes endometrial cancer. Metaplasia is 
a form of controlled cell growth in which one type of aduh or ftilly differentiated cell 
substitutes for another type of adult cell. Metaplasia can occur in epithelial or comiective 
tissue cells. Atypical metaplasia involves a somewhat disorderly metaplastic epithelium. 
Dysplasia is frequently a forerunner of cancer, and is foui.d mainly in the epithelia; U is the 
most disorderly fomi of non-neoplastic cell growth, involving a loss in individual cell 
uniformity and in the architectural orientation of cells. Dysplastic cells often have 
abnormally large, deeply stained nuclei, and exhibit pleomorphism. Dysplasia 

characteristically occurs where there exists chronic irritation or infiammation. and is often 
found in the cervix, respiratory passages, oral cavity, and gall bladder. 

Alternatively or in addition to the presence of abnormal cell growth characterized as 
hyperplasia, metaplasia, or dysplasia, the presence of one or more characteristics of a 
transformed phenotype. or of a malignant phenotype. displayed in vi.o or displayed in vitro 
by a cell sample from a patient, can indicate the desirability of prophylactic/therapeutic 
administration of a Therapeutic. As mentioned supra, such characteristics of a transformed 

35 
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phenotype include morphology changes, looser substratum attachment, loss of contact 
inhibition, loss of anchorage dependence, protease release, increased sugar transport, 
decreased serum requirement, expression of fetal antigens, disappearance of the 250,000 
dalton cell surface protein, etc. (see also id., at pp. 84-90 for characteristics associated with a 

5 transformed or malignant phenotype). 

In a specific embodiment, leukoplakia, a benign-appearing hyperplastic or dysplastic 
lesion of the epithelium, or Bowen's disease, a carcinoma in situ, are preneoplastic lesions 
indicative of the desirability of prophylactic mtervention. 

In another embodiment, fibrocystic disease (cystic hyperplasia, mammary dysplasia, 
10 particularly adenosis (benign epithelial hyperplasia)) is indicative of the desirability of 

prophylactic intervention. 

In other embodiments, a patient which exhibits one or more of the following 
predisposing factors for malignancy is treated by administration of an effective amount of 

. the Therapeutic of the invention: a chromosomal translocation associated with a malignancy 

15 (eg. the Philadelphia chromosome for chronic myelogenous leukemia, t(14;18) for 
follicular lymphoma, etc.). familial polyposis or Gardner's syndrome (possible forerunners 
of colon cancer), benign monoclonal gammopathy (a possible foremmier of multiple 
myeloma), and a first degree kinship with persons having a cancer or precancerous disease 
showing a Mendelian (genetic) inheritance pattern {e.g., familial polyposis of the colon, 

20 Gardner's syndrome, hereditary exostosis, polyendocrine adenomatosis, medullary thyroid 
carcinoma with amyloid production and pheochromocytoma, Peutz-Jeghers syndrome, 
neurofibromatosis of Von Recklinghausen, retinoblastoma, carotid body tumor, cutaneous 
melanocarcinoma, intraocular melanocarcinoma, xeroderma pigmentosum, ataxia 
telangiectasia, Chediak-Higashi syndrome, albinism, Fanconi's aplastic anemia, and Bloom's 

25 syndrome; see Robbins and Angell, 1976, Basic Pathology, 2d Ed., W.B. Saunders Co., 

Philadelphia, pp. 1 12-11 3) etc.) 

In another specific embodiment. Therapeutics of the invention is admmistered to a 
human patient to prevent progression to ovary, breast, colon, lung, pancreatic, bladder, skin, 
prostate, colon, gastrointestinal, B lymphocyte, T lymphocyte or uterine cancer, or 
30 melanoma or sarcoma. 

5.3.2. TRF ATMRNT TNFF.CTIOIIS DISEASE 
The invention also provides mediods of treating or preventing an infectious disease 
by administration of a Therapeutic of the invention, in particular, a synthetic modified 
35 inmiunoglobulin (or the functionally active fragment thereof) that immunospecifically binds 
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an antigen of the agent causing the infectious disease or a cellular receptor for the infectious 
disease agent, or an enzyme expressed by the infectious diseases agent. As discussed in 
detail below, the infectious agents include, but are not limited to. viruses, bactena, fungi. 

protozoa, and parasites. 

5 In specific embodiments, infectious diseases are treated or prevented by 

administration of a modified antibody of the immunoglobin (or functionally active fragmem 
thereof) that immunospecifically recognizes one of the following antigens of an mfectious 
disease agent: influenza virus hemagglutinin (Genbank accession no. J02132; Air, 1981, 
Proc Natl Acad. Set 1/5^ 78:7639-7643; Newton etal, 1983, F/Vo/ogy 12^:495-501), 

10 human respiratory syncytial virus G glycoprotein (Genbank accession no. Z33429; Garcia et 
al 1994,7. Virol.; Collins et al.. 1984. Proc. Natl Acad. Sci. USA 81:7683), core protein, 
matrix protein or other protein of Dengue virus (Genbank accession no. M19197; Hahn et 
al 1988 K/ro/ogy 162:167-180), measles virus hemagglutinin (Genbank accession no. 
M81899: Rota et al., 1992, Virology 188:135-142). herpes simplex virus type 2 glycoprotein 

15 gB (Genbank accession no. M14923;Bziketal., 1986, P^/ro/ogv 155:322-333), poliovirus I 
VPl (Emini et al.. 1983. Nature mm, envelope glycoproteins of HIV I (Putney et al., 
1986 Scierice 234:1392-1395), hepatitis B surface antigen (Itoh et al., 1986, Nature 308:19; 
Neurlthetal.. 1986. Kacrcm. 4:34). diptheria toxin (Audibert et al., mh Nature m:543), 
streptococcus 24M epitope (Beachey, 1985. Adv. Exp. Med Biol. 185:193), gonococcal pilin 

20 (Rothbardand Schoolnik, m5,Adv. Exp. Med Biol. 181:247), pseudorabies virus g50 
(gpD). pseudorabies virus II (gpB), pseudombies virus glll (gpC). pseudorabies virus 
glycoprotein H. pseudorabies virus glycoprotein E, transmissible gastroenteritis glycoprotein 
195 transmissible gastroenteritis matrix protein, swine rotavirus glycoprotein 38, swine 
parvovirus capsid protein, Serpulina hydodysenteriae^rotccuv<,.^nti^cn, bovine viral 

25 diarrhea glycoprotein 55, Newcastle disease virus4iemagglutinin-neuraminidase, swine flu 
hemagglutinin, swine flu neuraminidase, foot and mouth disease virus, hog colera virus, 
swine influenza virus, African swine fever virus, Mycoplasma hyopneumortiae, mfectious 
■ - bovine rhinotracheitis virus (e.g., infectious bovine rhinotracheitis virus glycoprotem E or 
glycoprotein G), or infectious laryngotracheitis virus (e.g., infectious laryngotrache.tis virus 

30 glycoprotein G or glycoprotein I), a glycoprotein of La Crosse virus (Gonzales-Scarano et 
al 1982 K/ro/ogyJ20:42). neonatal calfdiarrheavirus<Matsuno and Inouye, 1983, 
Infection artd Immunity 39:155), Venezuelan equine encephalomyelitis virus (Mathews and 
Roehrig. 1982, J. Immunol. 129:2763). punta toro virus (Dalrymple et al., 1981, in 
Replication of Negative Strand Viruses, Bishop and Compans (eds.), Elsevier, NY, p. 167), 

35 munne leukemia virus (Steeves et al., 1974, J. Virol. mouse mammary tumor virus 
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(MasseyandSchochetman. 1981. K/ro/ogy 111:20), hepatitis B virus core protein and/or 
hepatitis B virus surface antigen or a fragment or derivative thereof (see, e.g.. U.K. Patent 
Publication No. GB 2034323A published June 4. 1980; Ganem and Varmus, 1 987. Am. 
Rev Biochem. 56:651-693; TioUais et al., 1985, Nature 3^:489-495). antigen of equine 

5 influenza vims or equine herpesvirus (e.g.. equine influenza virus type A/Alaska 91 
neuraminidase, equine influenza virus type AAliami 63 neuraminidase, equine mfluenza 
virus type A/Kentucky 81 neuraminidase equine herpesvirus type 1 glycoprotem B, and 
equine herpesvirus type 1 glycoprotein D. antigen of bovine respiratory syncytial virus or 
bovine parainfluenza virus (e.g. bovine respiratory syncytial virus attachment protem 

10 (BRSV G), bovine respirator' syncytial virus fusion protein (BRSV F). bovine respiratory 
syncytial virus nucleocapsid protein (BRSV N), bovine parainfluenza virus type 3 fusion 
protein, and the bovine parainfluenza virus type 3 hemagglutinin neuraminidase), bovme 
viral diarrhea virus glycoprotein 48 or glycoprotein 53. 

Cellular receptors that can be targeted for treatment of an infectious disease are listed 

1 5 in Table 4. along with the pathogen which binds to the cellular receptor. 

TABLE 4 



20 J 



25 



Pathogen 
B-lymphotropic papovavirus 
(LPV) 



Cellular Receptor 

LPV receptor on B-cells 



Bordatella pertussis 




E. coli 



Ebola 



Adenylate cyclase 



BDV surface glycoproteins 
N-acety 1-9-0 •acet> lneuraminic acid r eceptor 

CD4I- 



Gal alpha l-4Gal-containing isoreceplors 



CD 1 6b 



30 



Echovirus 1 



Integrin VLA-2 receptor 



Echovirus-11 (EV) 



EV receptor 



35 



Endotoxin (LPS) 
Enteric bacteria 
Enteric Orphan virus 



CD14 

Glycoconjugate receptors 
alpha/ljeta T-cell receptor 
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10 



15 



20 



25 



30 



35 



Enteroviruses 
Feline leukemia virus 

Foot and mouth disease virus 
Gibbon ape leukemia virus 
(GALV) 

Gram-negative bacteria 
Heliobacter pylori 
Hepatitis B virus (HBV) 
Herpes Simplex Virus 

HIV-l 



Hiunan cytomegalovirus 



Human coronovirus 



Influenza A, B & C 



Legionella 



Leishmania mexicana 
Listeria monocytogenes 



Measles virus 



Meningococcus 



Decay-accelerating factor receptor 
Extracellular envelope glycoprotein (Env-SU) 
receptor 

Immunoglobulin Fc receptorPo xvirusM-T7 
GALV receptor 

CD 14 receptor 

Lewis(b) blood group antigen recepto^ 
T-cell receptor 
Heparin sulphate glycoaminoglycan receptor 
Fibroblast growth factor receptor 
CC-Chemokine receptor CCR5 
GDI la 
CD2 

G-protein coupled receptor 
CD4 



Heparin sulphate proteoglycan 
Annexin II 

CD 13 (aminopeptidase N) 



Human aminopeptidase N receptor 



Hemagglutinin receptor 



CR3 receptor 

Protein kinase receptor 

Galactose ^-acetylgalactosamine (Gal/GalN Ac)- 
inhibitab!e lectin receptor 
Chemokine receptor 

Annexin I 



ActA protein 



CD46 receptor 



Meningococcal virulence associated Opa receptors 
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Murine leukemia virus 
Murine gamma herpes virus 
Murine retrovirus 



Murine coronavirus mouse 
hepatitis virus 



Cellular Receptor 

CD46 receptor 

Carcinoembryonic antigen family receptors 
Carcinoembryonic antigen fam ily Bgla receptor 

Envelope g lycoproteins 

gamma inter feron receptor 

Glycoprotein gp70 
Rmc-l receptor 



Carcinoembryonic antigen family receptors 



Mycobacterium avium-M 



Human Integrin receptor alpha v beta 3 



Neisseria gonorrhoeae 



15 



20 



25 



30 



Newcastle disease vims 

Parvovirus 819 
Plasmodium falciparum 

Pox Virus 
Pseudomonas 
Rotavirus 
Samonella typhiurium 



Heparin sulphate proteoglycan receptor 

CD66 receptor 

Integrin receptor 

Membrane cofactor protein 

CD46 

GMl 

GM2 

GM3 

CD3 

Ceramide 



Hemagglutinin-neuraminidase protein 
Fusion protein 

Erythiocyte P an tigen receptor 

CD36 receptor 
Glycophorin A receptor 

Interferon gamma receptor 

KDEL receptor 

Mucosal ho ming alpha4beta7 receptor 

Epidermal growth factor receptor 



35 
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Pathogen 


Cellular Receptor 


Shigella 


alphaSbetal integrin protein 


Streptococci 


Nonglycosylated J774 receptoi 


T-helper cells type 1 


Chemokine receptors including: 

6. C.XCRM 

7. CCR1-5 

8. CXCR3 

9. CCR5 


T-cell lymphotropic virus 1 


gp46 surface glycoprotein 


Vaccinia virus 


TNFRp55 receptor 
TNFRp75 receptor 
Soluble Interleukin-1 beta receptor 



■15 



Viral diseases that can be treated or prevented by the methods of d« present 
invention include, but are not limited to, those caused by hepatitis type A, hepatius t>-pe B. 
hepatids type C, influenza, varicella, adenovirus, herpes simplex type . OISV-I), herpes 
simplex type II (HSV-II). rinderpest, rhinovirus, echovirus, rotavirus, respiratory sync,™i 
virus, papilloma virus., papova virus, cytomegalovirus, echinovirus, arbovirus, hantavirus, 
. coxsachie vints, mumps virus, measles virus, rubella virus, polio virus, human 

immunodeficiency virus type 1 (HIV-I), and human imntunodefciency vtrus type II (HIV- 
. . „) .anv picomaviridae, enteroviruses, caliciviridae, any of the Norwalk group ofviruscs, 
tog^vi'mses, such as Dengue vin^,.alphaviruses. flaviviruses, coronaviruscs,^b,es ^m,s, 
Marburg viruses, ebola viruses, parainfluen.^ virus, orthomyxoviruses, bunyavrruses, 
a^naviruses, reovirases, rotaviruses, orbiviruses. human T cell leukemia virus tj-pe I. human 
T cell leukemia virus type II, simian immunodeficiency virus, lentiviruses. polyomavn«.,es, 
. .. parvoviru^s. Epstein-Barr virus, human h=rpesvirus-6. cercopithecine herpes v,rus 1 (B 

vims), poxviruses, and encephalitis. 
30 Bacterial diseases that can be treated or prevented by the methods of the present 

invention are caused by bacteria including, but not limited to, gram negative and gram 
positive bacteria, mycobacteria rickettsia, mycoplasma, Shigella spp.. Neisseria spp. (e.g.. 
Neisseria mennigitidis and Neisseria gomrrhoeae), legionella, Vibrio cholerae. 
Streptococci, such as Streptococcus pneumoniae, corynebacteria diphtheriae, Clostridium 

35 
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tetanu bordetella pertussis, Haemophilus spp. (e.g., influemae). Chlamydia spp., 
Enterotoxigenic Escherichia coli, etc. and bacterial diseases Syphillis. Lyme's desease, etc. 

Protozoal diseases that can be treated or prevented by the methods of the present 
invention are caused by protozoa including, but not limited to, Plasmodia, eimena, 
5 leishmania, kokzidioa, and trypanosoma, fungi, such as Candida, etc. 

In specific embodiments of the invention, the Therapeutic is administered m 
conjunction with an appropriate antibiotic, antifungal, anti- viral or any other drug useful m 
treating or preventing the infectious disease. In a preferred embodimem, the synthetic 
. niodified antibody is conjugated to a compound effective against the infectious disease agem 
10 .to which the synthetic modified antibody is dii^cted. for example, an antibiotic, antifungal 
or anti-viral agent. In another preferred embodiment, the-modified immunoglobulin has one 
CDR containing a binding site for an antigen of an infectious disease agent and another 
CDR containing a binding site for a molecule on the surface of an immune cell, such as but 
not limited to a T cell, a B cell, NK cell, K cell, TIL cell or neutrophil. 

15 

5J3.GENE-IHERAPY 
In a specific embodiment, nucleic acids comprising a sequence encoding a synthetic 
modified antibody of the invention are administered to treat or prevem a disease or disorder 
associated with the expression of a molecule to which t.he synthetic modified antibody 

20 inimunospecifically binds. 

. -In this embodiment of the invention;^he therapentic nucleic acid encodes a sequence 

. that produces intracellularly ( withouta leader sequence) or mtercellulariy (with a leader 
sequence) a modified immunoglobulin of the invention. 

Any of the methods for gene U.erapv availablein -the art can he used according to the 
25 present invention. Exemplary methods areniescribed below. 

For general reviews of the methods of gene therapy, see Goldspiel et al.. 1 993, 
ClinicaiPharrnacyn:ASS.505;^u^ndWn,m^^^^^ 
l.-4nn ,lev: Pharnu^cohToxicolry2,5W-5^^^^^^^ 1993, Scier^ce 260:926-932: ana 
Morgan and Anderson, 1993, Ann. Re. Biochem. ^91^17: May, 1993, TIBTECH 
30 li(5)-155-215). Methods commonly known in the art ofrecombinantDNA technology 
which can be used are described in Ausubel et al. (eds.). 1993, Currem Protocols m 
Molecular Biology. John Wiley & Sons. NY; Kriegler, 1990. Gene Transfer and Expression. 
A Laboratoiy Manual, Stockton Press, NY; and in Chapters 12 and 1 3. Dracopoli et al. 
(eds), 1994, Current Protocols in Human Genetics, John Wiley & Sons, NY. 

35 
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[„ one aspect, the thetapeutic nucleic acid comprises an expression vector that 
expresses the tnodifled immunoglobulin (or fragment thereof) in a suitable host. In 

particular, such a nucleic acid has a promoter operably linked to the coding sequence for the 
modified synthetic antibody, said promoter being inducible or constituinve, and, ophonally, 

5 tissue^ific. in another embodiment, a nucleic acid molecule is used in whtch the 
antibody coding sequences and any other desired sequences are flanked by regions that 
promote homologous recombination at a desired site in the genome, thus providing for 
. intrachromosomal exptession of *e modified andbcdy (Roller and Smithies, 1989, Proc. 
Nan Acad.Sa. t/«S6:8932-8935;Zijls.rae,al., 1989„Va,»re 242:435^38). 

10 - Delivery ofthe nucleic acid into a patiettt may be cither direct, in which case the 
patient is ditectly exposed to dte nucleic acid or nucleic acid-carrying vector or a delivery 
complex, or indir«», in which cascccUs are firs, transfonned «nth .he nucleic acid ,„ ,Uro. 
then transolanted in.o d>e ,pa.ient. These two approaches are kno^vn, respectively, a, ir. v,vo 

. or ex vivo gene therapy. • 

15 . In a specific embodiment, the nucleic acid is direcUy adrnmistered i„ v,vo, where ,s 
expressed .o produce U>e antibodies. This can be accomplished by any of numerous 

. meAods known in the art, e.s-. by constructing i. as part of an appropriate nucleic acd 
expression vector and administering it so that ft becomes intracellular, e.g.. by infection 
using a defective or anenuated retroviral or other viral vector (see U.S. Patent No. 

20 4 980 286), or by direct injection of naked DNA, or by u.se of tnicroparticle bombardntent 
... a gene gun: Biolistic Dupont;, or coating witi. lipids or cell-s-arfece receptors or 
.iar^fecting agen-., encapsulation in biopolymers p„,y*l->4-N-ace.ylglucosamme 
polysaccharide: see U.S..Pa.ent No. 5,635,493\ encapsulation in liposomes, m,cn,par.,cles, 
■ or microcapsules, or by administering it in linkaae,o a peptide which is knotvn ,o enter tite 

25 nucleus, by adminisKring ft in linkage to aiigand»,hich is*nown ,0 en.er.*e nucleus, by 
admft.is»ing ft in linkage to a ligand subject .o receptot-mediated endocy.„sis (see e.g . » u 
andWu 1987 jaw. CAe»,. 262:4429-4432), etc. In another embodiment, a nucletc actd- 
Ugand c'ompta can be formed in which *eligand comprises a fi.=..genic viral peptide to 
dismpt endosomes, allowing tt,e nucleic acid to avoid lysosomal degradation. In ye, a„oti,er 

30 .mbodimen., Ute nucleic acid can be utrgeted ,„ v(vo for cell specific uptake and express^n, 
by targeting a specific receptor (see, e.^.. PCX Publications WO 92/06180 da.ed Apnl 16, 
1992 (Wu et al.): WO 92/22635 dated December 23, 1992 (Wilson et al.): WO92,'20316 
dated November 26, 1992 (Findeis e. al.): W093/141 88 daled July 22. 1993 (Young). 
Ahematively. tite nucleic acid can be inttoduced intiacellularly and incorporated withm host 
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cell DNA for expression, by homologous recombination (Koller and Smithies, 1989, Proc. 
Natl. Acad Sci. USA 86:8932-8935; Zijlstra et al., 1989, Nature 342:435-438). 

Alternatively, single chain antibodies can also be administered, for example, by 
expressing nucleotide sequences encoding single-chain antibodies within the target cell 

5 population by utilizing, for example, techniques such as those described in Marasco et al. 
(Marasco et al., 1993. Proc. Natl. Acad Sci. USA 20:7889-7893). Adenovimses are other 
viral vectors that can be used in gene therapy. Adenoviruses are especially attractive 
vehicles for delivering genes to respiratory epithelia where they cause a mild disease. Other 
targets for adenovims-based delivery systems are liver, the central nervous system, 

10 endothelial cells, and muscle. Adenoviruses have the advantage of being capable of 

infecting non-dividing cells. Kozarsky and Wilson, 1993, Current OpMor. in Genetics and 
Development 3:499-503 present a review of adenovims-based gene therapy. Bout et al., 
1994 Human Gene Therapy 5:2-10 demonstrated the use of adenovirus vectors to transfer 
genes to the respiratory epithelia of rhesus moitkeys. Other instances of the use of 

1 5 adenoviruses in gene therapy can be found in Rosenfeld et al., 1991. Science 252:43 1-434; 
Rosenfeldetal.. 1992, Ce// 68:143-155; and Ma.strangelietal., 1993,7. Clin. Invest. 91:225- 
234. Adeno-associated virus (AAV) has also been proposed for use in gene therapy (Walsh 
et al 1993, Proc. Soc. Exp. Biol. Med 204:289-300). 

' The form and amount of therapeutic nucleic acid envisioned for use depends on the 

20 type of disease and the severity of the desired effect, patient state, etc., and can be 
determined by one skilled in the art. 

5.3.4. vArriNF fMMUNIZATIQN 

The modified antibody of the preseni invention may be used as a vaccine in a subject 
25 in which immunity for the binding site for the particulai" molecule or antigen is desired. The 
vaccines and methods of the present invention may be ased either to prevent a disease or 
disorder, or to treat a particular disease or disorder where an anti-idiotype response agamst a 
particular synthetic antibody is therapeutically or prophylaclically useful. 

The methods and compositions of the present invention may be used to elicit a 
30 humoral and/or a cell-mediated response against the synthetic antibody of the vaccine in a 
subject In one specific embodiment, the methods and compositions elicit a humoral 
response against the administered synthetic antibody in a subject. In another specific 
embodiment, the methods and compositions elicit a cell-mediated response against the 
administered synthetic antibody in a subject. In a preferred embodiment, the methods and 
35 compositions elicit both a humoral and a cell-mediated response. 
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5.4. PHARMACEUTICAL PREPARATIONS AND METHODS OF 
AHMINISTRATION ■ 

5.4.1. irnPMIII.ATIONS AnMTNTSTRATION 

Therapeutic compositions containing a modified immunoglobulin for use in 

5 accordance with the present invention can be formulated in any conventional mam^er using 
one or more physiologically acceptable carriers or excipients. 

Thus, the modified immunoglobulins (or functionally active firagments thereof or 
nucleic acids encoding the antibodies or fragments) and their physiologically acceptable 
salts and solvents can be formulated for administration by inhalation or insufflation (either 

10 through the mouth or the nose) or oral, buccal, parenteral or rectal administration. 

For oral administration, the Therapeutics can take the form of, for example, tablets or 
capsules prepared by conventional means with pharmaceutically acceptable excipients such 
as binding agents (e.g., pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl 
methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or calcium hydrogen 

15 phosphate); lubricants {e.g., magnesium stearate, talc or silica); disintegrants (e.g., potato 
starch or sodium starch glycolate); or wetting agents (e.g., sodium lauryl sulphate). The 
tablets can be coated by methods well known in the ait. Liquid preparations for oral 
administration can take the fomi of, for example, solutions, syrups or suspensions, or they 
can be presented as a dry product for constitution with water or other suitable vehicle before 

20 use Such liquid preparations can be prepared by conventional means with pharmaceutically 
acceptable additives such as suspending agents (e.g., sorbitol syrup, cellulose derivatives or 
hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles 
(e g. almond oil, oily esters, ethyl alcohol or firactionated vegetable oils); and preservatives 
(e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations can also 

25 contain buffer salts, fiavoring, coloring and sweetening agents as appropriate. 

Preparations for oral administration can be suitably formulated to give controlled 

release of the active compound. 

For buccal administration the Therapeutics can take the fonn of tablets or lozenges 

formulated in conventional manner. 

30 For administration by inhalation, tiie Therapeutics according to the present invention 

are conveniently delivered in the foim of an aerosol spray presentation from pressurized 
packs or a nebulizer, with the use of a suitable propellant, e.g., dichlorodifluoromethane, 
trichlorofluoromethane. dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In 
the case of a pressurized aerosol the dosage unit can be determined by providing a valve to 

35 deliver a metered amount. Capsules and cartridges of, e.g., gelatin for use in an inhaler or 
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insufflator can be formulated containing a powder mix of the compound and a suitable 

powder base such as lactose or starch. 

The Therapeutics can be formulated for parenteral administration {i.e., intravenous or 
intramuscular) by injection, via, for example, bolus injection or continuous infusion. 

5 Formulations for injection can be presented in unit dosage foma, e.g., m ampoules or m 
multi-dose containers, with an added preservative. The compositions can take such forms as 
suspensions, solutions or emulsions in oily or aqueous vehicles, and can contain formulatory 
agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the actwe 
ingredient can be in powder form for constitution with a suitable vehicle, e.g., stenle 

10 pyrogen-free water, before use. 

nie Therapeutics can also be formulated in rectal compositions such as suppositories 
or retention enemas, e.g., containing conventional suppository bases such as cocoa butter or 
other glycerides. 

In addition to the formulations described previously, the Therapeutics can also be 
15 formulated as a depot preparation. Such long acting formulations can be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramuscular injection, 
naus, for example, the compounds can be formulated with suitable polymenc or 
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt. 
20 The modified immunoglobulins of the invention may be administered as separate 

compositions or as a single composition with more than one antibodies linked by 
conventional chemical or by molecular biological methods. Additionally, the diagnostic and 
therapeutic value of the antibodies of the invention may be augmented by their use m 
combination with radionuclides or with toxins such as ricin or with chemotherapeutic agents 

25 such as methotrexate. 

The composition, if desired, can also contain minor amounts of wetting or 
emulsifying agents, or pH buffering agents. The composition can be a liquid solution, 
suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder. Oral 
formulation can include standard carriers such as pharmaceutical grades of mamiitol, lactose, 
30 starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc. 

Generally, the ingredients are supplied either separately or mixed together in umt 
dosage form, for example, as a dry lyophilized powder or water free concentrate in a 
hermetically sealed container such as an ampoule or sachette indicating the quantity of 
active agent. Where the composition is administered by injection, an ampoule of stenle 
35 diluent can be provided so that the ingredients may be mixed prior to administration. 
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The invention also provides a pharmaceutical pack or kit comprising one or more 
containers filled with one or more of the ingredients of the vaccine fonnulations of the 
invention Associated with such container(s) can be a notice in the (oun prescribed by a 
governmental agency regulating the manufacture, use or sale of pharmaceuticals or 
5 biological products, which notice reflects approval by the agency of manufacture, use or sale 

for human administration. 

The compositions may, if desired, be presented in a pack or dispenser device which 
may contain one or more unit dosage forms containing the active ingredient. The pack may 
for example comprise metal or plastic foil, such as a blister pack. The pack or dispenser 
10 device may be accompanied by instructions for administration. Composition comprising a 
compound of the invention formulated in a compatible pharmaceutical carrier may also be 
prepared, placed in an appropriate container, and labelled for treatment of an indicated 

condition. r- » • • 

Many methods may be used to introduce the vaccine formulations of the invention; 

15 these include but are not limited to oral, intracerebral, intradermal, intramuscular, 
intraperitoneal, intravenous, subcutaneous, intranasal routes, and via scarification 
(scratching through the top layers of skin, e.g., using a bifurcated needle) or any other 

standard routes of immunization. 

The precise dose of the modified irmnunoglobulin molecule to be employed in the 

20 formulation will also depend on the route of administration, and the nature of the patient, 
and should be decided according to the judgment of the practitioner and each patient's 
circumstances according to standard clinical techniques. An effective immunizing amount is 
that amoum sufficient to produce an immune response to the synthetic antibody m the host 
to which the vaccine preparation is administered. Effective doses may also be extrapolated 

25 from dose-response curves derived from animal model test systems. 

5.4.2. FPirirrTTVE DOSE 
The compounds and nucleic acid sequences described herein can be administered to 
a patient at therapeutically effective doses to treat certain diseases or disorders such as 
30 cancers or infectious diseases. A therapeutically effective dose refers to that amount of a 
compound sufficient to resuh in a healthful benefit in the treated subject. 

Toxicity and therapeutic efficacy of compounds can be determined by standard 
phannaceutical procedures in cell cultures or experimental animals, e.g., for determimng the 
LD,o (the dose lethal to 50'/o of the population) and the ED,o (the dose therapeutically 
35 effective in 50o/o of the population). The dose ratio between toxic and therapeutic effects is 
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the therapeutic index and it can be expressed as the ratio LD.o/ED«. Compounds which 
exhibit large therapeutic indices are preferred. While compounds that exhibit toxic side 
effects can be used, care should be taken to design a delivery system that targets such 
compounds to the site of affected tissue in order to minimize potential damage to uninfected 

5 cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED,o with little or no 
toxicity. The dosage can vary within this range depending upon the dosage form employed 

10 and the route of administration utilized. For any compound used in the method of the 
invention, the therapeutically effective dose can be estimated inhially from cell culture 
assays A dose can be formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC50 (i.e., the concentration of the test compound which 
achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 

15 information can be used to more accurately determine useful doses in humans. Levels in 
plasma can be measured, for example, by high performance liquid chromatography. 

5.4J. VArriNK FORMUl .ATfONS A ^'" A nMINISTRATION 

The invention also provides vaccine formulations containing Therapeutics of the 
20 invention, which vaccine formulations are suitable for administration to elicit a protective 
inmiune (humoral and/or cell mediated) response against certain antigens , e.g., for the 

treatment and prevention of diseases. 

Suitable preparations of such vaccines include injectables. either as liquid solutions 

or suspensions; solid forms suitable for solution in, suspension in, liquid prior to injection, 
25 may also be prepared. The preparation may also be emulsified, or the polypeptides 

encapsulated in liposomes. The active immunogenic ingredients are often mixed with 

excipients which are pharmaceutically acceptable and compatible with the active ingredient. 

Suitable excipients are, for example, water, saline, buttered saline, dextrose, glycerol. 

ethanol, sterile isotonic aqueous buffer or the like and combinations thereof In addiUon. if 
30 desired, the vaccine preparation may also include minor amounts of auxiliary substances 

such as wetting or emulsifying agents. pH buffering agents, and/or adjuvants which enhance 

the effectiveness of the vaccine. 

Examples of adjuvants which may be effective, include, but are not limited to: 
aluminim hydroxide. N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP). N-acetyl- 

35 
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nor— yl-L.ala,yl-D-isogluumine.N-.«.ylmuramyl-L-ala„yl-D-^^^ 
alani„e-2-(r-Mipalmi.oyl-=n-glyc=r<>3-hydroxyphosphoo-loxy)-e%Iamm^^^ 

The effecdveness of an adjuvan. may be de.en„ined by measuring fte mducfon of 
antWdiow antibodies directed against U.e injected inununoglobulin fonnulated with the 

5 particular adjuvant. , , .,i i 

The composition can be a liquid solution, suspension, emulston, tabH p.U. capsule, 

sustained n=lease fonnulation, or powder. Oral formulation can include standard earners 

such as pharmaceutfcal grades of mannitol, lactose, starch, magnesium stearate. sodtum 

saccharine, cellulose, magnesium carbonate, etc. 
,0 Generally, the ingredients are supplied either separately or mixed together m untt 

dosagefornt,forexample,asad,ylyophili«dpowderorwa.erfieeeoncentratema 

hemtetically sealed container such as an ampoule or saehette indicating the quantt^ of acttve 
agen, Where the composition is administered by injection, an ampoule of stenle dtluent can 
be provided so that the ingredients may be mixed prior to administranon. 
,5 In a specific embodiment, the lyophilized modified imounoglobulm of the tnventton 

ispn-videdinafirstcontainenasecondcontainercomprisesdiluentcon^^ingo^^^ 
aqLus soluUon of 50% glycerin, 0.25% phenol, and an antiseptic (e.g., 0.005% bnlhant 

green). . . 

TT,e invention also provides a pharmaceutical pack or kit compnstng one or tnore 
,0 containers filled with one or more of the ingredients of dte vaccine fonnulations of the 
invention. Aviated with such eontainer(s) can be a notice in the form prescnbed by a 
govenunental agency regulating fte manufacn^e, use or sale of pharmaceuttcals or 
biological products, which notice reflects approval by the agency of manufacture, use or sale 

for human administration. 

The compositions may, if desired, be presented in a pack or dispenser devtce whtch 
maycontainoneormoreunitdosageformscontainingdteactiveingredient Tlepackmay 
for example comprise metal or plastic foil, such asablister pack. TTepackordtspenser 

device may be accompanied by instructions for administration. Compositton compnstng a 
compound of the invention formulated in a compatible phannaceutical carrier may also be 
3„ prepared, placed in an appropriate container, and labeled for treatment of an tndtcated 

condition. ^ , , . 

The subject to which the vaccine is administered is preferably a mamrrxal, most 
preferably a human, but can also be a non-human animal including but not limited to cows, 
horses, sheep, pigs, fowl (e.g., chickens), goats, cats, dogs, hamsters, mice arxd rats. 
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Many memods may be used to inttoduce tfie vaccine formulations of the mvenuon; 
these include but are not limited to oral, inttacerebral, Intmdennal, intramuscular, 
intraperitoneal, intravenous, subcutaneous, intranasal routes, and via scarifcatton 
(scratching though the top layers of skin, ..g , using a bifurcated needle) or any other 
5 standard routes of immunization. In a specific embodiment, scarification .s employed. 

The precise dose of the modified immunoglobulin molecule to be employed m the 
fonnulation will also depend on the route of administration, and the nature of the pauent, 
and should be decided according to Ute judgment of the practitioner and each paUenfs 
circumstances according to standard clinical techniques. An effective immunizi.^ anaount ,s 
,0 that amount sufficiem to produce an immune response to the modified immunoglobuUn 
molecule in the host (f. e., an anti-idiotype reaction) to which the vaccine preparation ts 
administered. Effective doses may also be extrapolated from dose-response curves denved 
from animal model test systems. 



5.5. ■^ fAnNOSTirM F.THODS 
Modified immunoglobulins, particularly antibodies, (and fimctionally active 
fragments thereof) that bind a specific molecule that is a member of a binding pair n^y be 
used as diagnosUcs and prognostics, as described herein. In various embodimen^, the 
20 presem invention provides the measurement of a member of the binding pa,r, and dte uses of 
Lh measurements in clinical applicaUons. The modified immunoglobulins ,n the pre^nt 
invention may be used, for example, in tf,e detection of an antigen in a biological sample 
whereby patients may be tested for aberrant levels of tite molecule to which the modified 
immunoglobulin binds, and/or for the pre^nce of abnonnal forms of such molecu es By 
25 "aberrant levels" is meant increas«l or decreased relative to that present, or a standatd level 
representing that present, in an analogous sample fix,m a portion of the body or from a 
subject not having tite disorder. TTe modified antibodies of this invention may also be 
included as a reagem in a kit for use in a diagnostic or prognostic tecbmque. 

In .he specific embodiments of tite invention, a modified antibody of the tnvention 
30 that immunospecifically binds to a cancer or tumor antigen or an antigen of an .nfectious 
disease agent may be used to diagnose, prognose or screen for a cancer or tumor or an 
infectious disease associated with tite expression of tite cancer or tumor antigen or the 
antigen of the infectious disease agent. In a prefetred aspect. ti>e invention provides a 
metitod of diagnosing or screening for the presence of or a predisposition for developmg a 
35 cancer characterize! by tite increased presence of a cancer antigen, which is a first member 
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of a binding pair consisting of said first member and a second member, said method 
comprising measuring in a subject the level of immunospecific binding of a modified 
antibody to a sample derived from the subject, in which said modified antibody 
immunospecifically binds said cancer antigen and in which said modified antibody 
5 comprises a variable domain having at least one CDR containing portion of said second 
member, said portion containing a binding site for said cancer antigen and not being found 
naturally within said CDR, in which an increase in the level of said immunospecific binding, 
relative to the level of said immunospecific binding in an analogous sample from a subject 
not having the cancer or a predisposition for developing the cancer, indicates th.e presence of 
10 the cancer or a predisposition for developing the cancer. 

In another preferred aspect, the invention provides a method of diagnosing or 
screening for the presence of an infectious disease agent, characterized by the presence of an 
antigen of said infectious disease agent, which antigen is a first member of a binding pair 
consisting of said first member and a second member, said method comprising measuring in 
15 a subject the level of immunospecific binding of a modified antibody to a sample derived 
from the subject, in which said modified antibody immunospecifically binds said antigen 
and in which said modified antibody comprises a variable domain having at least one CDR 
containing an at least four amino acid portion of said second member, said portion 
containing a binding site for said antigen and not being found naturally within said CDR, in 
20 which an increase in the level of said immunospecific binding, relative to the level of said 
. ..immunospecific binding in an analogous sample from a subject not having the infectious 
disease agent, indicates the presence of said infectious disease agent. 

In another preferred embodiment, the invention provides a method for detecting 
abnormal levels of a particular ligand or receptor in a sample derived from a subject by 
25 comparing the immunospecific binding of a modified antibody that binds . the particular 
ligand or receptor to the sample with the immunospecific binding of the modified antibody 
to a sample having nbmial levels of the ligand or receptor. 

The measurement of a molecule that is bound by a modified antibody can be 
valuable in detecting and/or staging diseases related to the molecule in a subject, in 
30 screening of such diseases in a population, in differential diagnosis of the physiological 
condition of a subject, and in monitoring the effect of a therapeutic treatment on a subject. 

The following assays are designed to detect molecules to which the modified 
antibodies immunospecifically bind. 
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In specific embodiments, these diagnostic methods may be vised to detect 
abnormalities in the level of gene expression, or abnormalities in the structure and/or 
temporal tissue, cellular, or subcellular location of the particular molecule to be assayed. 
The tissue or cell type to be analyzed will generally include those which are known, 

5 or suspected, to express the particular molecule. The protein isolation methods employed 
herein may, for example, be such as those described in Harlow and Lane (Harlow. E. and 
Lane D 1988, "Antibodies: A Laboratory Manual", Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York). The isolated cells can be derived from cell culture or from 
a patient The modified antibodies (or functionally active fragments thereof) usefiil in the 

10 present invention may, additionally, be employed histologically, as in immunofluorescence 
or immunoelectron microscopy, for in situ detection of the molecule. In situ detection may 
be accomplished by removing a histological specimen from a patient, such as paraffin 
embedded sections of affected tissues and applying thereto a labeled modified antibody of 
the presem invention. The modified antibody (or functionally active fragmem thereof) is 

15 preferably applied by overlaying the labeled modified antibody onto a biological sample. If 
the molecule to which the antibody binds is present in the cytoplasm, it may be desirable to 
introduce the modified antibody inside the cell, for example, by making the cell membrane 
permeable. Through the use of such a procedure, it is possible to determine not only the 
presence of the particular molecule, but also its distribution in the examined tissue. Using 

20 the presem invention, those of ordinary skill will readily perceive that any of a wide vanety 
of histological methods (such as staining procedures) can be modified in order to achieve 

such in situ detection. 

Immunoassays for the particular molecule will tj'pically comprise incubating a 

sample such as a biological fluid, a tissue extractvfreshly harvested cells, or lysates of 
25 cultured cells, in the presence of a detectably labeled modified antibedyand detecting the 

bound antibody by any of a number of techniques well-known in the art. 

The biological sample may be brought in contact with and immobilized onto a sohd 

phase support or carrier such as nitrocellulose, or other solid support which is capable of 

immobilizing cells, cell particles or soluble proteins. The support may then be washed with 
30 suitable buffers followed by treatment with the detectably labeled modified anubody. The 

solid phase support may then be washed with the buffer a second time to remove unbound 

antibody. The amount of bound label on solid support may then be detected by conventional 

means. 

By "solid phase support or carrier" is intended any support capable of binding an 
35 antigen or an antibody. Well-known supports or carriers include glass, polystyrene, 
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polypropylene, polye*ylene, dexttan, nylon, amylases, namral and modified celluloses, 
polyacrylamides, gabbros, and magnedle. The nan« if *e earner can be e,U,er soluble ,0 
some extent or insoluble for the putposes of the present invention. The support matenal 
may have virtually any possible stmctural conftguration so long as the ooupled molecule ts 
5 capable of binding to an antigen or antibody. Thus, the support configurafion may be 
spherical, as in a bead, or cylindrical, as in the inside surface of a test tube, or the external 
s,^ of a rod. Alternatively, the surface may be Hat such as a sheet, test stnp, etc. 
Preferrrf supports include polystyrene beads. Those skilled in the art will know many other 
suitable carriers for binding antibody or antigen, or will be able to ascertain flte same by use 

10 of routine experimentation. 

The binding activity of a given modified antibody may be determined accordmg to 
well known methods. Those skilled in the art will be able to determine operative and 
optimal assay conditions for each determination by employing routine experimentation. 

One of the ways in which a modified antibody can be detectably labeled is by linking 

1 5 the same to an enzyme and use in an enzyme immunoassay (EIA) (Voller, A., "The Enzyme 
Linked Immunosorbem Assay (ELISA)". 1978. Diag,rosiic Horizons 2:1-7, Microbiological 
Associates Quarterly Publication, Walkersville. NID); Voller et al., 1 978, J. Clin. Pathol. 
31 •507-520- Butler, 1981. Meth. Enzymol. 73:482-523; Maggio, E. (ed.), 1980, Enzyme 
Irmnunoassay, CRC Press, Boca Raton, FL,; Ishikawa et al., (eds.), 1981, Enzyme 

20 Irmnunoassay, Kgaku Shoin, Tokyo)). The enzv-me which is bound to the modified 

. . > antibody will react with an appropriate substrate, preferably a chromogenic substrate, m 
such a manner as to produce a chemical moiefy which can be detected, for example, by 
spectrophotometric, fluorimetric or by visual means. Er.zymes which can be used to 
detectably label the modified antibody include, but are not limited to, malate dehydrogenase, 

25 staphylococcal nuclease, delta-S-steroid isomerose, yeast alcohol dehydrogenase, alpha- 
glycerophosphate. dehydrogenase, triose phosphate isomerase, horseradish peroxidase, 
alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, 
, urease,:<:atalase,.glucose-6-phosphate-dehydrogenase, glucoamylase and 
acetylcholinesterase. The detection can be accomplished by colorimetric methods which 

30 employ a chromogenic substrate for the enzyme. Detection may also be accomplished by 
visual comparison of the extent of enzymatic reaction of a substmte in comparison with 

similarly prepared standards. 

Detection may also be accomplished using any of a variety of other immunoassays. 
For example, by radioactively labeling the synthetic antibodies or fi^agments, it is possible to 
35 detect the protein diat the antibody was designed for through the use of a radioimmunoassay 
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(RIA) (see. for example, Weinuaub, 1986, Principles of Radioimmunoassays. SevenU. 
Training Course on Radioligand Assay Techniques. Ue Endocrine Society), the 
radioactive isotope can be detected by such means as the use of a gamma counter or a 
scintillaUon counter or by autoradiography. 

i It is also possible to label the modified antibody with a fluorescent compound. 

When the fluorescently labeled antibody is exposed to light of the proper wave length, tts 
presence can then be detected due to Huorescence. Among the most commonly used 
fluorescent labeling compounds are fluorescein isothiocyanate, rhodamine, phycoetythrtn. 
phycocyanin, allophycocyanin, o-phthaldehyde and fluorescamine. 

10 nte modified antibody can also be dctectably labeled using fiuotescence emtttmg 

metals such as "'Eu. or others of the lanthanide series. These metals can be atta=hcdto <he 
antibody using such metal chelating groups as diethylenetriaminepentacetic aod (DTPA) or 
ethylenediaminctetraacelic acid (EDTA). 

The modified antibody also can be detectably labeled by coupling .t to a 

15 chemiluminescent compound. The presence of the chemiluminescent-mgged anubody ,s 
then determined by det^ting the presence of luminescence that arises during course of a 
chemical reaction. Examples of particularly useful chemiluminescent labeling compourtds 
are luminol, isoluminol, theromadc acridinium ester, imidazole, acridinium sal. and oxalate 



20 ■ Likewise, abioluminescem compound may be used to label the synthetic modified 
antibody of the present invention. Bioluminescenc. is a type of chemiluminescence found 
in biological systems, in which a caulytic protein increases the efficiency of the 
chemiluminescent teaction. The presence of a bioluminescem protein is detetmmed by 
detecting the presence of luminescence. Important bloluminesccn. compounds for purposes 

25 of labeling are luciferin, luciferase and aequorin. 

Tle TTerapeutics of the invention are preferably tested in vUro. and then m v,v». for 
the desired therapeutic or prophylactic activity, prior to use in humans. For example,-. 
30 vi,™ assays tttat can be used to detennine whether administration of a specific Tbentpeuuc ,s 
indicated include in vi,ro cell culmre assays in which appropriate cells from a cell hne or 
cells cultured from a patient having a particular disease or disorder are exposed to or 
otherwise administered a Therapeutic, and the effect of the Therapeutic on the cells ts 
observed. 

35 
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Where the Therapeutic is a modified immunoglobulin that recognizes a cancer or 
tumor antigen, the potential efficacy of the modified immunoglobulin may be assayed by 
contacting the Therapeutic to cultured cells (either from a patient or cultured cell Ime) and 
then assaying for cell sun^ival or growth using any method known in the art. for example. 

5 cell proliferation can be assayed by measuring ^l-thymidine incorporation, by direct cell 
count, by detecting changes in transcriptional activity of known genes such as proto- 
oncogens e g.Jos, myc) or cell cycle markers; cell viability can be assessed by trypan blue 
staining, differentiation can be assessed visually based on changes in morphology, etc. 
Where the Therapeutic is a modified antibody that recognizes an antigen of an 

10 infectious disease agent or a cellular receptor for an infectious disease agent, the potential 
efficacy of the antibody may be assayed by contacting the Therapeutic to cultured cells 
(either from a patient or cultured cell line) that are infected with the infectioas disease agent 
and then assaying the cells for reduction in the infectious disease agent or for reduction m 
physiological indicators of infection with the infectious disease agent. Alternatively, the 

15 Therapeutic may be assayed by contacting the Therapeutic to cells (either cultured firom a 
patient or from a cultured cell line) that are susceptible to infection by the infectious disease 
agent but that are not infected with the infectious disease agent, exposing the cells to the 
infectious disease agent and then determining whether the infection rate of ceils contacted 
with the Therapeutic was lower than the infection rate of cells not so contacted with the 

20 Therapeutic. Infection of cells with an infectioi. disease agent may be a.ssayea by any 

method known in the arL . i j 

Wherr the Therapeutic is a modified immunoglobulin specific for a particular hgand 
or receptor, the potential efficacy of the mruiified immunoglobulin may be tested by 
contacting the Therapeutic to cultured cells (either from a patient or cultured cell line) that 
25 express the receptor member of the binding pair and. determining whether the Therapeuuc 
prevents ligand binding to the receptor and/or receptor signaling or if the THerapeutic 
stimulates receptor signaling. These indicators can be measured by any method known m 
.... the art for measuring ligand-receptor binding and receptor signaling te.g.. as exemplified in 

Section 6). . , j , a 

30 The Therapeutics may also be tested for efficacy in appropriate ammal models, and 

in clinical trials, in humans. The efficacy of the Therapeutic may be detemimed by any 

method in the art, for example, after administration of the Therapeutic to the animal model 

or to the humami subject, the animal or human subject is evaluated for any indicator of the 

disease or disorder that the Therapeutic is intended to treat. For example, the efficacy of the 

35 n.erapeutic can be assessed by measuring the level of the molecule against which the 
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modified antibody is directed in the animal model or human subject at suitable time intervals 
before, during, or after therapy. Any change or absence of change in the amount of the 
molecule can be identified and correlated mth the effect of the treatment on the subject. The 
level of the molecule can be determined by any method known in the art, e.g., by any of the 
5 immunoassay methods described in Section 5.5. supra, or 5.7. infra. 

In other aspects, the modified antibodies may be tested for efficacy by monitoring 
the subject for improvement or recovery from the particular disease or condition associated 
with the molecule against which the synthetic modified antibody is directed. When the 
modified antibody is directed against a tumor or a cancer antigen, the progress of the 
10 particular tumor or cancer may be followed by any diagnostic or screening method known 
for monitoring cancer or a tumor. For example, but not by way of limitation, the process of 
the cancer or tumor may be monitored by assaying the levels of the particular cancer or 
tumor antigen (or another antigen associated with the particular cancer or tumor) either m 
the serum of the subject or by injecting a labeled antibody specific for the antigen. 
15 Additionally, other imaging techniques, such as computer tomographic (CT) scan or 
sonograms, or any other imaging method, may be used to monitor the progression of the 
cancer or tumor. Biopsies may also be performed. Before carrying out such tnals m 
humans, the tests for efficacy of the modified immunoglobulins can be performed m anmial 
models of the particular cancer or tumor. 
20 Where the Therapeutic is specific for an antigen of an infectious disease agem or a 

. • cellular receptor of an infectious disease agent, the efficacy of the modified antibody can be 
assaved bv administering the modified antibody to a subject (either a hun.an subject or an 
animal model for the disease) and then monitoring either the levels of the particular 
infectious disease agent or symptoms of the.particalai- infectio.is disease. The levels of the 
25 infectious disease agent may be detennined by.any i«ethod knowavin-the art. for assaying the 
levels of an infectious disease agent, e.g., the viral titer, in the case of a virus, or bacterial 
levels (for example, by culturing of a sample from the patient), etc. The levels of the 
• infectious disease agent may also be determined by measuring the levels of the antigen 
against which the modified immunoglobulin was directed. A decrease in the levels of the 
30 infectious disease agent or an amelioration of the symptoms of the infectious disease 
indicates that the modified antibody is effective. 

Where the therapeutic is administered as a vaccine, the immunopotency of a vaccine 
fomiulation containing the modified antibody of the invention can be determined by 
monitoring the anti-idiotypic response of test animals following immunization with the 
35 vaccine. Generation of a humoral response may be taken as an indication of a generalized 
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immune response, other components of which, particularly cell-mediated immunity, may be 
important for protection against a disease. Test animals may include mice, rabbits, 
chimpanzees and eventually human subjects. A vaccine made in this invention can be made 
to infect chimpanzees experimentally. However, since chimpanzees are a protected species, 
5 the antibody response to a vaccine of the invention can first be studied in a number of 
smaller, less expensive animals, with the goal of finding one or two best candidate 
immunoglobulin molecules or best combinations of immunoglobulin molecules to use m 

chimpanzee efficacy studies. 

The immune response of the test subjects can be analyzed by various approaches 
10 such as the reactivit)'.of the resultant. immune serum to antibodies, as assayed by known 
techniques, e.g., enzyme linked immunosorbent assay (ELISA), immunoblots, 
radioimmunoprecipitations, etc.; or protection from infection and/or attenuation ot disease 

symptoms in immunized hosts. 

As one example of suitable animal testing, the vaccine composition of the invention 

IS - may be tested in rabbits for the ability to induce an anli-idiotypic response to th.e modified 
imm^moglobulin molecule. For example, male specificpathogen-free (SPF) young adult 
New Zealand White rabbits may be used. The test group of rabbits each receives an 
effective amount of the vaccine. A control group of rabbits receives an injection m i mM 
Tris-HCl pH 9.0 of the vaccme containing a naturally occurring antibody. Blood samples 

,0 may be drawn from the rabbits every one or two weeks, and serum analyzed for anri- 

" idiotypic antibodies to the modified iinmunoglobuhn molecule and anti-anx.-id,otypic 
antibodies specific for the antigen against which the modified antibody was directed using, 
e g. by a radioimmunoassay (Abbott Laboratories), llie presence of anti-idiotypic 
antibodies may be assayed using an ELISA. - Because rabbit, may give a variable re.sponse 

25 due to their outbred nature, it may aiso.be useful to test the vaccines in mice. 

5.7. A.SSAYS OF TPF MODIFIE D IMMliNOGLOBULINS 

After constructing an immunoglobulin having one or more CDRs containing a 
binding site for a particular molecule, any binding assay known in the art can be used to 
assess the binding between the resulting modified antibody and the particular molecule. 
These assays may also be performed to select antibodies that exhibit a higher affimt>' or 

specificity for the particular antigen. 

For example, but not by way of Umitation, binding of the modified antibody to the 
particular molecule can be assayed using various immunoassays known in the art including 
35 but not limited to, competitive and non-competitive assay systems using techniques such as 
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radioimmunoassays. ELISA (enzyme linked immunosorbent assay), "sandwich" 
immunoassays, immunoradiometric assays, gel diffusion precipitin reactions, 
immonodiffiision assays, in situ immunoassays (using colloidal gold, enzyme or 
radioisotope fables, for example), western blots, precipitation reactions, agglutination assays 

5 (eg., gel aggluUnation assays, hemagglutination assays), complement fixation assays, 
immunofluorescence assays, protein A assays, and immunoelectrophoresis assays, etc. In 
one embodiment, antibody binding is detected by detecting a label on the primary antibody. 
In another embodiment, the primary antibody is detected by detecting binding of a 
secondary antibody or reagem to the primary antibody. In a further embodiment, the 

10 secondaiT antibody is labelled. Many means are known in the art for detecting binding in an 
immunoassay and are within the scope of the present invention. 

An in vitro assay system useful in assessing the binding of the modified antibody to 
its target molecule is described below. Briefly, a reaction mixture of the modified antibody 
and the test sample is incubated under conditions and for a time sufficiem to allow the two 

15 components to interact with, e.g., bind to each other, thus forming a complex, which can 
represent a transient complex, which can be removed and/or detected in the reaction mixture. 
These assays can be conducted in a variety of ways. For example, one method to conduct 
such an assay would involve anchoring the modified antibody or the test substance onto a 
solid phase and detecting the antibody/molecule complexes anchored on the solid phase at 

20 the end of the reaction. In one embodiment of such a method, the modified antibody may be 
..labeled, either directly or indirectly; and the test sample be anchored onto a solid surface. In 
practice, microtiter plates may conveniently be utilized as the solid phase. The anchored 
componem may be immobilized by non-covalent or covalem attachments. Non-covalent 
atmchment may be accomplished by simply:coating the solid surface wiih a solution of the 

25 test sample and drying. 

In order to conduct the assay, the nonimmobilized component is added to the coated 
. surface containing the anchored component. After the reaction is complete, uiureacted 
.-components are removed (e.g.; by washing) under conditions such that any complexes 
formed will remain immobilized on the solid surface. The detection of complexes anciiored 
30 on the solid surface can be accomplished in a number of ways. Where the previously 

^nonimmobilized component is pre-labeled, the detection of label immobilized on the surface 
indicates that complexes were formed. Where the previously nonimmobilized component is 
not pre-labeled, an indirect label can be used to detect complexes anchored on the surface. 
Alternatively, a reaction can be conducted in a liquid phase, the reaction products 
35 separated from unreacted components, and complexes detected. 
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TP ^Nsr.FNir ANIMALS 

The invention also provides animals that are transgenic for {i.e., contain a nucleic 
acid encoding) a modified immunoglobulin of the invention (or a functional fragmem 
thereof). Animals of any species, including, but not limited to, mice, rats, rabbits, gumea 
5 pigs, sheep, pigs, micro-pigs, goats, and non-human primates, e.g., baboons, monkeys, and 
chimpanzees, may be used to generate transgenic animals of the invention. 

Accordingly, in specific embodiments, the invemion provides recombmant non- 
human animals containing a recombinant nucleic acid that contains a nucleotide sequence 
encoding a modified immunoglobulin of the invention, in particular, a recombinant non- 
1 0 human animal that is transgenic for a nucleic acid encoding a modified antibody that 
inmiunospecifically binds a cancer or tumor antigen or that is transgenic for a nucleic acid 
encoding a modified antibody that immunospecifically binds an antigen of an infectious 
disease agem or a cellular receptor of an infectious disease agent. 

Any technique known in the art may be used to introduce the antibody transgene into 
. 15 animals to produce the founder lines of transgenic animals. Such techniques include, but are 
not limited to pronuclear microinjection (Hoppe and Wagner. 1989, U.S. Pat. No. 
4,873,191); retrovirus mediated gene transfer into germ lines (Van der Putten el al., 1985, 
Proc Natl. Acad. Sci. USA 82:6148-6152); gene targeting in embryonic stem cells 
(Thompson et al., 1989, Cell 56:3 13-321); electroporation of embryos (Lo, 1983, Mol Cell. 
20 Bwl 1 1803-1814); and sperm-mediated gene transfer (Lavitrano eta}., 1989, CW/.52:/l /- 
. ,.723);rctc. . For a review of such Techniques,-see Gordon, 1989, rra./^^^^^^^^^ 
Rev Cyiol. 115:171-229, which is incorporated by reference herein in its entirety. 

The presem invention provides for.transgenic animals that carry the nucleotide 
sexjuence encoding the modified antibody a. transgene in all thdrcells, as well as animals 
25 which cairy the tmnsgene in some, but not all.tl^eir cells, i.e., mosaic animals. The transgene 
may be integrated as a single transgene or in concatamers, e.g., head-to-head tandems or 
head-to-tail tandems. The transgene may also be selectively introduced uito and activated m 
...-a particular cell type by following, for example, the teaching of Lasko et al. (Lasko et al., 
1992 Proc Natl Acad. Sci. a&4 89:6232-6236). The regulatory sequences required for 
30 such a cell-type specific activation will depend upon the particular cell type of interest, and 
will be apparent to those of skill in the art. When it is desired that the nucleotide encoding 
the synthetic antibody transgene be integrated into the chromosomal site of the endogenous 
immunoglobulin, gene targeting is preferred. Briefly, when such a technique is to be 
utilized, vectors containing some nucleotide sequences homologous to the endogenous 
35 inununoglobulin are designed for the purpose of integrating, via homologous recombination 
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with chromosomal sequences, into and disrupting the function of the nucleotide sequence of 
the endogenous immunoglobulin gene. The transgene may also be selectively introduced 
imo a particular cell type, thus inactivating the endogenous immunoglobulin in only that cell 
type, by following, for example, the teaching of Gu et al. (Gu et al.. 1994. Science 265:103- 
5 1 06) The regulatory sequences required for such a cell-type specific inactivation will 
depend upon the particular cell type of interest, and will be apparent to those of skill in the 

art. ■ e 

Methods for the production of single-copy transgenic animals with chosen sites of 

integration are also well known to those of skill in the art (see, for example, Bronson et al., 

10 1996, Proc. Natl Acad. Sci. USA 93:9067-9072). 

' Once transgenic animals have been generated, the expression of the recombinant 
antibody gene may be assayed utilizing standard techniques. Initial screening may be 
accomplished by Southern blot analysis or PGR techniques to analyze animal tissues to 
assay whether integration of the transgene has taken place. The level of mRNA expression 

15 of the transgene in the tissues of the transgenic animals may also be assessed using 
techniques which include but are not limited to Northern blot analysis of tissue samples 
obtained from the animal, m situ hybridization analysis, and RT-PCR. Samples of gene- 
expressing tissue, may also be evaluated immunocytochemically using antibodies specific 
for the antibody transgene product. 

20 

6. EXAMPLE: hp Anvi^lNTN.C O ^^AiNfNr. SYNTHETTC MODIFIED 
ANTIBODIES 

This example describes the construction of synthetic modified antibodies that 
immunospecifically bind to the bradykinin receptor (BR). The bradykinin receptor binds to 

25 a native ligand called brad^inin. The BR-bradykinin interaction is one example of a 
binding pair that may be used in the methods of the invention. The BR-bradykinin 
interaction occurs when amino acids in bradykinin, known as the binding site, contact the 
bradykinin receptor. The synthetic modified antibodies of this example, contain amino acids 
derived from the bradykinin binding site. These synthetic modified antibodies, therefore, 

30 mimic the bradykinin ligand and predictably bind to the bradykinin receptor (BR). Six 
synthetic modified antibodies containing bradykinin sequences were constructed and 
demonstrated to bind BR as constructed as described below. 

The strategy for producing synthetic modified antibodies containing bradykinin 
binding sequences is outlined as follows: 

35 
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1) using oligonucleotides, a variable region gene was engineered to contain a CDR 

with a bradykinin binding sequence; 

2) the engineered variable region gene was then inserted into a mammalian 
expression vectors containing the appropriate constant regions; 

5 3) a vector containing both light and heavy chains was transfected into a mammalian 

cell and the synthetic modified antibody was expressed; and 

4) the synthetic modified antibodies were assayed for BR binding. 

^ r^r.M«=TPTrrTION OF thtt varTARLE PFCTON GFNF, CONTAINING 

10 RR ADYKININ RINDTNG SITE 

In order to construct the variable region gene encoding a CDR containing the bmdmg 
site of bradykinin, the following strategy was performed. 

First single strand oligonucleotides were annealed to create cohesive double 
stranded DNA fragments (as diagramed in Figure 5, Step 1; see also. Kutemeier et al.. 1994 

15 BioTechniques J7:242). Specifically, oligonucleotides of about 80 bases m length 
corresponding to the sequences of interest with 20 base overlapping regions were 
synthesized using automated techniques of GenoSys Biotech Inc. The specific sequences of 
these oligonucleotides are presented in Figutes 6A and B (for construction of the light and 
heavy chain variable regions, respectively). Figure 6A lists the sequences of the 

20 oligonucleotides used in engineering the light chain variable region genes contammg a 
bradykinin binding sequence. Figure 6B lists the sequences of the oligonucleotides used m 
engineering the heavy chain variable region genes containing a bradykimn bmdmg 
sequence. The combination of oligos used to engineer the six bradykinin CDRs (BKCDRl, 
BKCDR2, BKCDR3, BKCDR4, BKCDR5, BKCDR6) as well as the two consensus region 

25 (ConVLl and ConVHl) are listed in Table 5. 



30 



35 
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In order to combine the oligos into the desired gene, groups of 10 or 12 oligos were 
used to engineer a variable region gene as described below. Each oligonucleotide was 5' 
phosphoiylated as follows: 25 ^1 of each oligo was incubated for 1 hour in the presence of 

5 T4 polynucleotide kinase and 50 mM ATP at 37»C. The reactions were stopped by heating 
for 5 minutes at 70°C followed by ethanol precipitation. Once phosphorylated, 
complementary oligonucleotides (oligo 1 + oligo 10. oligo 2 + oligo 9. oligo 3 + oligo 8. 
oligo 4 + oligo 7, oligo 5 + oligo 6) as shown in Figure 5, were then mixed in sterile 
microcentrifuge tubes and annealed by heating the tube in a water bath at 65°C for 5 

10 minutes followed by cooling at room temperature for 30 minutes. Annealing resulted in 
short double strand DNA fragments with cohesive ends. 

Next, the cohesive double stand DNA fragments were ligated into longer strands 
(Figure 5, Steps 2-4), until the engineered variable region gene was assembled. 
Specifically, cohesive double strand DNA fragments were ligated in the presence of T4 

15 DNA ligase and 10 mM ATP for 2 hours in a water bath maintained at 16°C. Annealed 
oligo 1/10 was mixed with amiealed oligo 2/9, and annealed oligo 3/8 was mixed with 
annealed oligo 4/7. The resulting oligos were labeled oligo 1/10/2/9 and oligo 3/8/4/7. 
Next, oligo 3/8/4/7 was ligated to oligo 5/6. The resuhing oligo 3/8/4/7/5/6 was then ligated 
to oligo 1/10/2/9 which resulted in a full length variable region gene. 

20 Alternatively, when a group of 12 oligos were used, the order of addition was oligo 

numbers 1+12 = 1/12, 2+1 1=2/11, 3+10=3/10, 4+9=4/9. 5+8=5/8, 6+7=6/7, 
1/12+2/1 1=1/12/2/1 1, 3/10+4/9=3/10/4/9, 5/8+6/7=5/8/6/7. 1/12^/1 1+3/10/4/9 = 
1/12/2/1 1/3/10/4/9, 1/12/2/1 1/3/10/4/9+5/8/6/7= full length variable region gene. Eight 
variable region genes were constructed by this method. Four genes were light chain variable 

25 region and four genes were heavy chain variable region. The engineered light chain genes 
included ConVLl, a consensus light chain variable region without a bradykinin sequence; 
BKCDRl, a light chain variable region containing bradykinin sequence in CDRl; BKCDR2, 
a light chain variable region containing bradykinin sequence in CDR2; and BKCDR3, a 
light chain variable region containing bradykinin sequence in CDR3. The engineered heavy 

30 chain variable region genes included ConVHl, a consensus heavy chain variable region 
without a bradykinin sequence; BKCDR4, a heavy chain variable region containing 
bradykinin sequence in CDR4; BKCDR5, a heavy chain variable region containing 
bradykinin sequence in CDR5; and BKCDR6, a heavy chain variable region containing 
bradykinin sequence in CDR6. The sequences of the eight engineered variable region genes 
35 is shown in Figures 4A to 4F. 



-62- 



wo 99/25378 



PCTAJS98/24302 



Each one of the engineered gene made by combining oligonucleotides was treated as 
follows:. 

The resulting engineered variable region gene was purified by gel electrophoresis. 
To remove unligated excess of oligonucleotides and other incomplete DNA fragments. 
5 ligated product was run on 1% low melting agarose gel at constant 1 10 V for 2 hours. The 
major band containing full length DNA product was cut out and placed in a sterile 1 .5 ml 
centrifuge tube. To release the DNA from the agarose, the gel slice was digested with D- 
Agrase 1 at 40°C for 3 hours. The DNA was recovered by precipitation with 0.3 M NaOAc 
and isopropanol at -20X for I hour followed by centrifugauon at 12,000 rpm for 15 
10 minutes. The purified DNA pellet was resuspended in 50 jil of TE buffer, pH 8.0. The 
engineered variable region gene was then amplified by PGR. Specifically, 100 ng of the 
engineered variable region gene was mixed with 25mM dNTPs, 200 ng of primers and 5 U 
of high fidelity thermostable Pfu DNA polymerase in buffer. DNA was amplified for 28 
cycles. Resulting PGR product was analyzed on 1% agarose gel. 
15 Each purified DNA corresponding to the engineered variable region genes was 

subsequently inserted into the pUG19 bacterial vector. pUG19, is a 2686 base pair, a high 
copy number E. coli plasmid vector containing a 54 base pair polylinker cloning site in lacZ 
and an Amp selection marker. In order to prepare the vector for insertion of the engineered 
variable region gene, 10 ng of pUGI9 was linearized with Hinc II (50 U) for 3 hours at 
20 370c resulting in a vector with blunt end sequence 5' GTG. To prevent self re-ligation, 
linear vector DNA was dephosphoiylated with 25 U of calf intestine alkaline phosphatase 
(GIP) for 1 hour at 37X. In order to insert the engineered variable region gene into tiie 
pUG19 vector, approximately 0.5 ^g of dephosphorylated linear vector DNA was mixed 
with 3 Jig of phosphorylated variable region gene in the presence of T4 DNA ligase (1000 
25 U), and incubated at 16°G for 12 hours. 

The bacterial vector containing the engineered variable region gene was tiien used to 
transform bacterial cells. Specifically, freshly prepared competent DH5-a cells, 50 nL were 
mixed with I ixg of pUC19 containing the engineered variable region gene and transferred to 
an electroporation cuvette (0.2 cm gap; Bio-Rad). Each cuvette was pulsed at 2.5 kV/200 
30 Ohm/25 hF in an electroporator (Bio-Rad Gene Pulser). Immediately thereafter, 1 ml of 
SOG media was added to each cuvette and cells were allowed to recover for 1 hour at 37<'G 
in centrifiige tubes. An aliquot of cells from each transformation was removed, diluted 
1:100, then 100 jxl plated onto LB plates containing ampicillin (Amp 40 ng/ml). The plates 
were incubated at 37''G overnight due to die presence of the Amp marker. Only 
35 transformants containing pUG19 vector grew on LB/Amp plates. 

-63- 



wo 99/25378 



PCT/US98/24302 



A Single transformant colony was picked and grown overnight in a 3 ml LB/Amp 
sterile glass tube with constant shaking at 37°C. The piasmid DNA was isolated using Easy 
Prep columns (Phannacia Biotech.) and suspended in 100 ^l of TE buffer, pH 7.5. To 
confirm the presence of gene insert in pUCl9, 25 ,1 of piasmid DNA from each colony was 
5 digested with Hinc II restriction endonuclease for 1 hour at 37-C, and was analyzed on a 1% 
agarose gel. By this method piasmid DNA containing gene insert was resistant to enzyme 
cleavage due to loss of restriction site ( 5'..GTCGAC.. 3') and migrated as closed circular 
(CC) DNA, while those plasmids without insert were cleaved and migrated as linear (L) 

double strand DNA fragment on gel. 

10 In order to confirm correct gene sequences of the engineered variable region genes 

and to eliminate the possibility of unwanted mutations generated during the construction 
procedure. DNA sequencing was perfomied using M13/pUC reverse primer 
(5'AACAGCTATGACCATG 3') for the clones as well as PGR gene products using 5' end 
20 base primer ( 5' GAATTCATGGCTTG GGTGTG 3') on automated ABI 377 DNA 

15 Sequencer. All clones were confirmed to contain correct sequences. 

Six engineered variable region genes that contained bradykinin sequence were 
constructed by the methods of this example. Shown in Table 6 is the name of the synthetic 
modified antibody and the location corresponding bradykinin binding sequence withm the 
variable region gene. For example, the synthetic antibody named hAbBKCDRl contained 

20 bradykinin binding sequence (BK) in the CDRl of the variable region light chain gene (V,). 
. This synthetic antibody had a consensus sequence (con) in the variable region heavy cham 
gene (¥„). 

Tohi.i; Rradvkinii i rnntifninr '^Y"^''-^''' ^""'""^^ ^"^'^Q*^'*^^ 

25 Name of Synthetic y 

Modified Antibody h 



liAbBKCDRl 
hAbBKCDR2 
hAbBKCDR3 
30 hAbBKCDR4 
hAbBKCDRS 
hAbBKCDR6 



BKCDRl ConVHl 

BKCDR2 ConVHl 

BKCDR3 ConVHl 

ConVLl BKCDR4 

ConVLl BKCDR5 

ConVLl BKCDR6 



The amino acid sequences corresponding to variable regions of each of the six 
35 synthetic modified antibodies of this example are listed in Table 7. CDRs are shown in 
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bold. The Bradykinin binding site amino acids are: ArgProProGIyPheSerProPheArg and 
are indicated in the CDRs by underlines. Table 5 also illustrates the consensus sequence of 
a human kappa light chain V, subgroup I and human heavy chain Vh subgroup I gene. In 
cases >vhere the consensus CDR was too short to include the complete bradykimn bmdmg 
site sequence, the amino terminal residues from the bradykinin binding site were deleted 
since the carboxytemiinal residues were known to be more important in receptor bmdmg 
(Stewart and Vavrek, Chemistry of peptide B2 bradykinin antagonists, pp. 5196. Burch, 
R.M., editor, Bradykinin Antagonists, Basic and Clinical Research, New York: Marcel 
Dekker, 1991; hereby incorporated by reference). 



10 



Table?. Amino acid se n-"»npes of engineered variable 

Human kappa Light Chain Subgroup (Kabat et ai, 

Amino Acid Region Consensus BKCDRl 

Asp 



ref^ion genes. 



1 



FRl 



15 



20 



25 



30 



35 



10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 



CDRl 



(A-F) 



Gin 

Met 

Thr 

Gin 

Ser 

Pro 

Ser 

Ser 

Leu 

Ser 

Ala 

Ser 

Val 

Gly 

Asp 

Arg 

Val 

Thr 

He 

Thr 

Cys 

Arg 

Ala 

Ser 

Gin 

Ser 

He 



Asp 
He 
Gin 
Met 
Thr 
Gin 
Ser 
Pro 
Ser 
Ser 
Leu 
Ser 
Ala 
Ser 
Val 
Gly 
Asp 
Arg 
Val 
Thr 
He 
Thr 
Cys 

6li 
Pro 
Pro 
Glv 
Phe 
Ser 



1991) 

BKCDR2 
Asp 
He 
Gin 
Met 
Thr 
Gin 
Ser 
Pro 
Ser 
Ser 
Leu 
Ser 
Ala 
Ser 
Val 
Gly 
Asp 
Arg 
Val 
Thr 
He 
Thr 
Cys 
Arg 
Ala 
Ser 
Gin 
Ser 
He 



BKCDR3 
Asp 
He 
Gin 
Met 
Thr 
Gin 
Ser 
Pro 
Ser 
Ser 
Leu 
Ser 
Ala 
Ser 
Val 
Gly 
Asp 
Arg 
Val 
Thr 
He 
Thr 
Cys 
Arg 
Ala 
Ser 
Gin 
Ser 
He 



-65- 



wo 99/25378 



PCT/US98/24302 



Amino Acid Region 
30 
31 
32 
33 

5 34 

35 FR2 

36 

37 

38 

39 

40 

10 41 
42 
43 
44 
45 
46 



49 

50 CDR2 

51 

52 

53 

20 54 
55 
56 

57 FR3 

58 

59 

60 

25 61 
62 
63 
64 
65 
66 
67 

30 68 
69 
70 
71 
72 
73 

35 



Consensus 


BKCDRl 


Ser 


Pro 


Asn 


Phe 


Tyr 


Arg 


Leu 


Leu 


Ala 


Ala 


Trp 

IT 


Trp 


Tyr 


Tyr 


Gin 


Gin 


Gin 


Gin 


Lvs 


Lys 


Prn 


Pro 




Gly 


T v<i 


Lys 


Ala 


Ala 


Prn 
r ru 


Pro 


T VQ 


Lys 


T PI 1 


Leu 




Leu 


Tie 

ilC 


He 


Tvr 


Tyr 




Ala 


Ala 


Ala 




Ser 




Ser 




Leu 


Glu 


Glu 




Ser 


vjiy 


Gly 


Val 

V Cll 


Val 




Pro 


Ser 


Ser 


A rnr 


Arg 


Phe 


Phe 


Ser 


Ser 


Glv 


Gly 


Ser 


Ser 


Glv 
vjiy 


Gly 


Ser 


Ser 


Glv 
vJiy 


Gly 


Thr 


Thr 


Arg 


Arg 


Phe 


Phe 


Thr 


Thr 


Leu 


Leu 


Thr 


Thr 



BKCDR2 


BKCDR3 


Ser 


Ser 


Asn 


Asn 


Tyr 


Tyr 


Leu 


Leu 


Ala 


Ala 


Trp 


Trp 


Tyr 


Tyr 


Gin 


Gin 


Gin 


Gin 


Lys 


Lys 


Pro 


Pro 


Gly 


Gly 


Lys 


Lys 


Ala 


Ala 


Pro 


Pro 


Lys 


Lys 


Leu 


Leu 


Leu 


Leu 


lie 


He 


Tyr 


Tyr 


Pro 


Ala 


Glv 


Ala 


Phe 


Ser 


Ser 


Ser 


Pro 


Leu 


Phe 


Glu 


Arg 


Ser 


Gly 


Gly 


Val 


Val 


Pro 


Pro 


Ser 


Ser 


Arg 


Arg 


Phe 


Phe 


Ser 


Ser 


Gly 


Gly 


Ser 


Ser 


Gly 


Gly 


Ser 


Ser 


Gly 


Gly 


Thr 


Thr 


Arg 


Arg 


Phe 


Phe 


Thr 


Thr 


Leu 


Leu 


Thr 


Thr 
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10 



15 



20 



25 



Amino Acid 
75 
76 
11 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 



Region 



CDR3 



(A-F) 



FR4 



Consensus 
He 
Set 
Ser 
Leu 
Gin 
Pro 
Glu 
Asp 
Phe 
Ala 
Thr 
Tyr 
Tyr 
Cys 
Gin 
Gin 
Tyr 
Asn 
Ser 
Leu 
Pro 
Trp 
Thr 
Phe 
Gly 
Gin 
Gly 
Thr 
Lys 
Val 
Glu 
lie 
Lys 
Arg 
Thr 



BKCDRl 
He • 
Ser 
Ser 
Leu 
Gin 
Pro 
Glu 
Asp 
Phe 
Ala 
Thr 
Tyr 
Tyr 
Cys 
Gin 
Gin 
Tyr 
Asn 
Ser 
Leu 
Pro 
Trp 
Thr 
Phe 
Gly 
Gin 
Gly 
Thr 
Lys 
Val 
Glu 
He 
Lys 
Arg 
Thr 



BKCDR2 
He 
Ser 
Ser 
Leu 
Gin 
Pro 
Glu 
Asp 
Phe 
Ala 
Thr 
Tyr 
Tyr 
Cys 
Gin 
Gin 
Tyr 
Asn 
Ser 
Leu 
Pro 
Trp 
Thr 
Phe 
Gly 
Gin 
Gly 
Thr 
Lys 
Val 
Glu 
He 
Lys 
Arg 
Thr 



BKCDR3 
He 
Ser 
Ser 
Leu 
Gin 
Pro 
Glu 
Asp 
Phe 
Ala 
Thr 
Tyr 
Tyr 
Cys 
Arg 
Pro 
Pro 
Glv 
Phe 
Ser 
Pro 
Phe 
Arg 
Phe 
Gly 
Gin 
Gly 
Thr 
Lys 
Val 
Glu 
He 
Lys 
Arg 
Thr 



,A Human Heavy Chain V„ Subgroup I (Kabat et al, 1991) 

Amino Acid Region Consensus BKCDR4 BKCDR5 BKCDR6 



1 FRl Gin 

2 Val 

3 Gin 

4 Leu 

5 

35 



Val 



Gin Gin Gin 

Val Val Val 

Gin Gin Gin 

Leu Leu Leu 

Val Val Val 
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5 



20 



25 



30 



10 Acid 


Kegion 


Consensus 

^^^^ A A V vA&w V« V 


6 




Gin 


7 




Set 


8 




Glv 


9 




Ala 


10 




Glu 


11 




Val 


12 






13 




T v<; 


1 A 

14 




Pro 


15 




Glv 


16 




Ala 


17 






18 




Val 


19 




T vc 


20 




Val 

V «! 


21 






22 






23 




I VC 


24 




Ala 
/kit* 


25 






26 




frlv 

vjiy 


21 




Tvr 
iyr 


28 




Thr 






Phe 


30 




Thr 


31 


CDR4 


Ser 


32 




Tyr 


33 




Ala 


34 




He 


35 


(A-B) 


Ser 




35A 


Trp 








36 




Tm 


37 




Val 


38 






39 




Gin 


40 




Ala 


41 




Pro 


42 




Glv 


43 




Gin 


44 




Gly 


45 




Leu 


46 




Glu 


47 




Trp 


48 




Met 



BKCDR4 


BKCDR5 


BKCDR6 


Gin - 


Gin 


Gin 


Ser 


Ser 


Ser 


Gly 


Gly 


Gly 


Ala 


Ala 


Ala 


Glu 


Glu 


Glu 


Val 


Val 


Val 


Lys 


Lys 


Lys 


Lys 


Lys 


Lys 


Pro 


Pro 


Pro 


Gly 


Gly 


Gly 


Ala 


Ala 


Ala 


Ser 


Ser 


Ser 


Val 


Val 


Val 


Lys 


Lys 


Lys 


Val 


Val 


Val 


Ser 


Ser 


Ser 


Cys 


Cys 


Cys 


Lys 


Lys 


Lys 


Ala 


Ala 


Ala 


Ser 


Ser 


Ser 


Gly 


Gly 


Gly 


Tyr 


Tyr 


Tyr 


Thr 


Thr 


Thr 


Phe 


Phe 


Phe 


Thr 


Thr 


Thr 


Pro 


aer 




civ 


Tvr 


Tyr 


X nc 


Ala 


Ala 


per 


He 


lie 


r ro 


Ser 


Ser 


Phe 


Trp 


Trp 


Arg 


Asn 


Asn 


Trp 


Trp 


Trp 


Val 


Val 


Val 


Arg 


Arg 


Arg 


Gin 


Gin 


Gin 


Ala 


Ala 


Ala 


Pro 


Pro 


Pro 


Gly 


Gly 


Gly 


Gin 


Gin 


Gin 


Gly 


Gly 


Gly 


Leu 


Leu 


Leu 


Glu 


Glu 


Glu 


Trp 


Trp 


Trp 


Met 


Met 


Met 
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Amino Acid Region 
49 

50 CDR5 
51 

52 (A-C) 

5 53 
54 
39 
40 
41 
42 
43 

10 44 
45 
46 
47 
48 
49 

50 CDR2 
15 51 
52 
53 
54 
55 
56 

20 

58 



65 
66 
67 
68 
69 
70 

30 71 
72 
73 
74 
75 
76 
77 





BKCDR4 


Glv 


Gly • 


Trn 
irp 


Trp 


He 


lie 


Asn 


Asn 


Glv 


Gly 


A en 


Asn 


T vs 


Lys 




Pro 




Gly 


T VQ 


Lys 


Ala 


Ala 


Prn 

r ru 


Pro 




Lys 




Leu 


Leu 


Leu 


Uc 


lie 


lyr 


Tvr 




Ala 


Ala 


Ala 




Ser 


oer 


Ser 


T All 


Leu 


\Jf lU 


Glu 




Ser 


nix/ 


Glv 


V <*1 


Val 




Pro 


Ser 


Ser 


A 

Arg 


Ar2 




Phe 


OCL 


Ser 


Glv 


Gly 


ocr 


Ser 


vjiy 


Gly 


ocr 


Ser 


Glv 
uiy 


Gly 


Thr 


Thr 




Are 


Phe 
1 lie 


Phe 


Thr 


Thr 


Leu 


Leu 


Thr 


Thr 


He 


lie 


Ser 


Ser 


Ser 


Ser 
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BICCDR5 


BKCDR6 


Gly 


Gly 


Tip 


Trp 


He 


He 


Asn 


Asn 


Gly 


Gly 


Asn 


Asn 


Lys 


Lys 


Pro 


Pro 


Gly 


Gly 


Lys 


Lys 


Ala 


Ala 


Pro 


Pro 


Lys 


Lys 


Leu 


Leu 


Leu 


Leu 


He 


He 


Tyr 


Tyr 


Pro 


Ala 


Glv 


Ala 


Phe 


Ser 


Ser 


Ser 


Pro 


Leu 


Phe 


Glu 


Are 


Ser 


Gly 


Gly 


Val 


Val 


Pro 


Pro 


Ser 


Ser 


Are 


Arg 


Phe 


Phe 


Ser 


Ser 


Gly 


Gly 


Ser 


Ser 


Gly 


Gly 


Ser 


Ser 


Gly 


Gly 


Thr 


Thr 


Arg 


Arg 


Phe 


Phe 


Thr 


Thr 


Leu 


Leu 


Thr 


Thr 


He 


He 


Ser 


Ser 


Ser 


Ser 
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5 



20 



25 



no Acid 


Region 


v^onsenbuo 


78 




Leu 


79 




r;in 


80 




Prn 


81 




VJIU 


82 




r\o]J 


83 




rne 


84 




/\id 


85 




Thr 


86 




Tvr 

lyr 


87 




Tvr 

lyr 


88 




r*\/c 


89 


CDR3 




90 




r^in 
oin 


55 




uiy 


56 




Asp 


57 




i nr 


58 




Asn 


59 




lyr 


60 




A In 

Ala 


61 




ijrln 


62 




Lys 


63 




rne 


64 




Crin 


65 




triy 


66 


FR3 


Arg 


67 




vai 


68 




inr 


69 




lie 


70 




inr 


71 




Ala 


72 




Asp 


73 




inr 


74 




Cor 


75 




Thr 

1 nr 


JO 




Ser 


77 




Thr 


78 




Ala 


79 




Tyr 


80 




iviei 


81 




Glu 


82 


(A-C) 


Leu 




82A 


Ser 




82B 


Ser 




82C 


Leu 



BKCDR4 


BKCDR5 


BKCDR6 


Leu ■ 


Leu 


Leu 


Gin 


Gin 


Gin 


Pro 


Pro 


Pro 


Glu 


Glu 


Glu 


Asp 


Asp 


Asp 


Phe 


Phe 


Phe 


Ala 


Ala 


Ala 


Thr 


Thr 


Thr 


Tyr 


Tyr 


Tyr 


Tyr 


Tyr 


Tyr 


Cys 


Cys 


Cys 


Gin 


Gin 


Arg 


Gin 


Gin 


Pro 


Gly 


Pro 


Gly 


Asp 


Pro 


Asp 


Thr 


Glv 


Thr 


Asn 


Phe 


Asn 


Tyr 


Ser 


Tyr 


Ala 


Pro 


Ala 


Gin 


Phe 


Gin 


Lvs 


Arg 


Lys 


Phe 


Phe 


Phe 


Gin 


Gin 


Gin 


Gly 


Gly 


Gly 


Arg 


Arg 


Arg 


Val 


Val 


Val 


Thr 


Thr 


Thr 


He 


He 


He 


Thr 


Thr 


Thr 


Ala 


Ala 


Ala 


Asp 


Asp 


Asp 


Thr 


Thr 


Thr 


Ser 


Ser 


Ser 


Thr 


Thr 


Thr 


Ser 


Ser 


Ser 


Thr 


Thr 


Thr 


Ala 


Ala 


Ala 

Aia 


Tvr 


Tyr 


Tyr 


Met 


Met 


Met 


Glu 


Glu 


Glu 


Leu 


Leu 


Leu 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Leu 


Leu 


Leu 
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10 



15 



20 



25 



30 



35 



Amino Acid 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
104 
105 
106 
107 
108 



Region 



CDR6 



(A-K) 



FR4 



(A-F) 



FR4 



Consensus 

Arg 

Ser 

Glu 

Asp 

Thr 

Ala 

Val 

Tyr 

Tyr 

Cys 

Ala 

Arg 

Ala 

Pro 

Gly 

Tyr 

Gly 

Ser 

Asp 

Tyr 

Trp 

Tyr 

Asn 

Ser 

Leu 

Pro 

Trp 

Thr 

Phe 

Gly 

Gin 

Gly 

Thr 

Lys 

Val 

Glu 

He 

Lys 

Arg 

Thr 

Gly 

Gin 

Gly 

Thr 

Leu 



BKCDR4 
Arg 
Ser 
Glu 
Asp 
Thr 
Ala 
Val 
Tyr 
Tyr 
Cys 
Ala 
Arg 
Ala 
Pro 
Gly 
Tyr 
Gly 
Ser 
Asp 
Tyr 
Trp 
Tyr 
Asn 
Ser 
Leu 
Pro 
Trp 
Thr 
Phe 
Gly 
Gin 
Gly 
Thr 
Lys 
Val 
Glu 
He 
Lys 
Arg 
Thr 
Gly 
Gin 
Gly 
Thr 
Leu 



BKCDR5 
Arg 
Ser 
Glu 
Asp 
Thr 
Ala 
Val 
Tyr 
Tyr 
Cys 
Ala 
Arg 
Ala 
Pro 
Gly 
Tyr 
Gly 
Ser 
Asp 
Tyr 
Trp 
Pro 
Asn 
Ser 
Leu 
Pro 
Trp 
Thr 
Phe 
Gly 
Ghi 
Gly 
Thr 
Lys 
Val 
Glu 
He 
Lys 
Arg 
Thr 
Gly 
Gin 
Gly 
Thr 
Leu 



BKCDR6 

Arg 

Ser 

Glu 

Asp 

Thr 

Ala 

Val 

Tyr 

Tyr 

Cys 

Ala 

Arg 

Ala 

Pro 

Gly 

Phe 

Ser 

Pro 

Phe 

Arg 

Trp 

Pro 

Glv 

Phe 
Ser 

Pro 

Phe 

Ars 

Phe 

Gly 

Gin 

Gly 

Thr 

Lys 

Val 

Glu 

He 

Lys 

Arg 

Thr 

Gly 

Gin 

Gly 

Thr 

Leu 
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Amino Acid Region Consensu. BKCDR4 BKCDR5 BKCDR6 

109 Val Val Val vai 

no Thr Thr Thr Thr 

? Val Val Val Val 

2 Ser Ser Ser Ser 

, \\l Ser Ser Ser Ser 

6.2. iMCPPTinN OFTH^ iTMnmPFRFD VA ff T A BT F, PFGTON GENE INTO 

A MAMMAMAN ?^rvnx^^<iinfi VECTOR 
A complete antibody light chain has both a variable region and a constant region. A 
complete antibody heavy chain contains a variable region, a constant region, and a hinge 
' ^ region In order to construct complete light chains and heavy chains, the modified variable 
region genes engineered above were then inserted into vectors containing the appropriate 
constant region. Engineered variable region genes with bradykinin sequence inserted into a 
light chain CDR, were inserted into the pMRROlO.l vector (Figure 3A), which contains a 
human kappa light chain constant region. Insertion of the engineered light chain variable 
' ^ region into this vector gave a complete light chain sequence. Alternatively, engineered 
variable region genes with bradykinin sequence inserted into a heavy cham CDR, were 
inserted into the pGAMMAl vector (Figure 3B),which contains the human IgGl constant 
region and hinge region sequences. Insertion of the engineered heavy chain variable region 
gene into this vector resulted in a complete heavy chain sequence. 

In order to engineer a mammalian vector encoding a complete antibody, both a 
complete heavy chain sequence and a light chain sequence were inserted into a smgle 
mammalian expression vector (Bebbington, C.R., 1991. In METHODS: A Companion to 
Methods in Enzymology, vol. 2, pp. 136-145). The resulting vector encoded both a light 
chain and heavy chain of antibody and was named pNEPuDGV (Figure 3C). 

25 

6.3. rvPPFQSION OF c viMTHFTTr MODIFTFD ANTIBODIES IN 
MAMMAMAN CELLS 

To examine the production of assembled antibodies the pNEPuDGV vector was 
transfected into COS cells. COS cells (an African green monkey kidney cell line. CV-1 . 
transformed with an origin-defective SV40 virus) were used for short-term transient 
expression of the synthetic antibodies because of their capacity to replicate circular plasmids 
containing an SV40 origin of replication to very high copy number. The antibody 
expression vector was transfected into C0S7 cells (obtained from the American Type 
Culture Collection) using calcium precipitation (Sullivan et al.. FEBS Lett. 285:120-123, 

35 
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1991). The transfected cells were grown in Dulbecco's modified Eagle's Medium and 
cultured for 72 hours after which supematants containihg the bradykinin-containing 
antibodies were collected. Supematants from transfected COS cells were assayed using 
ELISA method for assembled IgG. The ELISA method involved capture of the samples and 
5 standards onto a 96-well plate coated with an anti-human IgG Fc. Bound assembled IgG 
was detected with an anti-human Kappa chain linked to horseradish peroxidase (HRP) and 
the substrate tetramethylbenzidine (TMB). Color development was proportional to the 
amount of assembled antibody present in the sample. 

10 6.4. RRAnVKTNIN-rONTATNING gVNTHFTTr MODIFIED 

ANTIBODIES MIMTC BRAP Vl^TNTN LIGANDS AND BIND TO 
RRADYKIN TN RECEPTOR 
The synthetic modified antibodies engineered to contain bradykinin binding 
sequences were predicted to mimic the bradykinin ligand and bind the bradykinin receptor 

1 5 (BR). In order to confirm that these synthetic modified antibodies bound BR, the synthetic 
antibodies were assayed in a bradykinin receptor binding assay. The assay to examine 
synthetic antibody binding to BR was perfomied in the following mamier. SV-T2 cells were 
transformed fibroblasts that express approximately 3,000 bradykinin receptors (BR) per cell. 
Stimulation of bradykinin receptors on SV-T2 cells leads to a rapid increase in PGE2 

20 synthesis that is proportional to bradykinin binding. Therefore, PGE2 released into the 
medium is indicative of receptor binding. 

As shown in Figure 7A, PGE2 synthesis was stimulated approximately four folds by 
the addition of InM bradykinin (ligand). PGE2 synthesis was quantitated by ELISA. Also 
examined in Figure 7A was the receptor antagonist HOE-140. Addition of both HOE-140 

25 and bradykinin or HOE-140 alone did not lead to PGE2 synthesis. 

Further, as shown in Figure 7B, the expressed modified antibodies were assayed for 
their ability to bind and stimulate the bradykinin receptor. Medium from COS cells 
transfected with an antibody expression vector pNEPuDGVl encoding either hABBKCDR3, 
hABBKCDR4, hABBKCDRS, or consensus was used to stimulate bradykinin receptors on 

30 SV-T2 cells. The synthetic antibodies having the variable chain regions BKCDR3 and 
BKCDR5 stimulated PGE2 synthesis in a dose dependent manner. BKCDR4, ConVH 
media alone, HOE-140 did not stimulate PGE2 synthesis (Figures 7B). The lack of PGE2 
synthesis by cells exposed to BKCDR4 was likely attributed to the fact that the CDR4 
consensus sequence was too short to accommodate the entire bradykinin binding sequence. 

35 Table 6 shows the comparison of consensus CDR amino acid sequences and BKCDR 
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sequences. The synthetic modified antibodies BKCDR3 and BKCDR5 were demonstrated 
to complete for receptor binding against the native ligkd bradykinin. As shown m Figure 
7C addition of bradykinin stimulated PGE2 synthesis four fold (second bar from left). 
Addition of either BKCDR3 or BKCDR 5 to cells prestimulated with native bradykmm 
5 inhibited the bradykinin-stimulated PGE2 synthesis. 

Co^lensus CDR3 : Gin Gin Tyr Asn Ser Leu Pro Trp Thr 
BKCDR3: Arg Pro Pro Gly Phe Ser Pro Phe Arg 

, n Consensus CDR4: Ser Tyr Ala lie Ser T^ Asn 
BKCDR4: Pro Gly Phe Ser Pro Phe Arg 

nnp ^ . Tm He Asn Gl V Asn Gly Asp Thr Asn Tyr Ala Gin Lys Phe Gin Gly 
Consensus CDR5. ^fe Asn G^y ^g^r^ Pro Gly Phe Ser Pro Phe Arg Phe Gin Gly 

Taken together, these results indicate that the modified antibodies containing the 
bradykinin binding site were able to bind the bradykinin receptor. 

The present invention is not to be limited in scope by the specific embodiments 
described herein. Indeed, various modifications of the invention in addition to those 
described herein will become apparent to those skilled in the art firom the foregomg 
description and accompanying figures. Such modifications are intended to fall withm the 

scope of the appended claims. 

Various references are cited herein, the disclosures of which are incorporated by 

reference in their entireties. 

25 



30 



35 



-74- 



wo 99/25378 



PCT/US98/24302 



WHAT IS CI ATMKD IS; 

1 . A modified immunoglobulin that immunospecifically binds a first member of 
a binding pair, which binding pair consists of said first member and a second member, 

5 said immunoglobulin comprising a variable domain having at least one CDR 

containing a portion of said second member, 

said portion containing a binding site for said first member and not being 

found naturally in the CDR, 

said first member being a cancer antigen. 

10 

2. The modified immunoglobulin of claim 1 which is an amibody. 

3. The modified immunoglobulin of claim 1 in which the first member is a 
tumor antigen. 

15 

4. The modified immunoglobulin of claim 3 in which said tumor antigen is 
polymorphic epithelial mucin antigen. 

5. The modified immunoglobulin of claim 3 in which said tumor antigen is 
20 human colon carcinoma-associated protein antigen. 

6 The modified immunoglobulin of claim 5, in which said portion has an amino 
acid sequence selected from the group consisting of Thr-Ala-Lys-Ala-Ser-Gln-Ser-Val-Ser- 
Asn-Asp-Val-Ala,Ile-Tyr.Tyr.Ala-Ser-Asn-Arg.Tyr-Thr,Phe-Ala-Gln-Gln-Asp-Tyr.Ser- 

25 Ser-Pro-Leu-Thr, Phe-Thr-Asn-Tyr-Gly-Met-Asn, Ala-Gly-Trp-Ile-Asn-Thr-Tyr-Thr-Gly- 
Glu-Pro-Thr-Tyr.Ala-Asp-Asp-Phe-Lys-Gly,andAla.Arg.Ala-Tyr-Tyr-Gly-Lys-Tyr-Phe- 

Asp-Tyr. 

7. The modified immunoglobulin of claim 3 in which said tumor antigen is a 
30 human colon carcinoma-associated carbohydrate antigen. 

8. The modified immunoglobulin of claim 3 in which said tumor antigen is a 
human milk fat globule antigen. 

35 
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9 The modified immunoglobulin of claim 8, in which said portion has the 
amino acid sequence selected from the group consisting of Ala-Tyr-Trp-Ue-Glu. Glu-Ile- 
Leu-Pro-Gly-Ser-Asn-Asn.Ser-Arg-Tyr.Asn-Glu-Lys-Phe-Lys-Gly,Ser.Glu-Asp-Ser.Ala- 

Val.Tyr-Tyr-Cys-Ser.Arg.Ser.Tyr-Asp-Phe.Ala-Trp-Phe-Ala.Tyr.Lys-Ser-Ser-Gln-Ser- 
5 Leu-Leu-Tyr-Ser-Ser-Asn-Gln-Lys-Ile-Tyr-Leu-Ala, Tip-Ala-Ser-Thr-Arg-Glu-Ser, and 
Gln-Gln-Tyr-Tyr-Arg-Tyr-Pro-Arg-Thr. 

10 The modified immunoglobulin of claim 8, which further comprises a second 
CDR containing a portion of the second member having the amino acid sequence selected 

10 from the group consisting of: Ala-Tyr-Trp-Ile-Glu, Glu-Ile-Leu-Pro-Gly-Ser-Asn-Asn-Ser- 
Arg.Tyr-Asn-GIu.Lys-Phe.Lys.Gly,Ser-Glu-Asp-Ser.Ala.Val-Tyr-Tyr-Cys-Ser-A 
Tyr-Asp-Phe.Ala-Tip-Phe.Ala.Tyr,Lys.Ser-Ser-Gln-Ser-Leu-Leu.Tyr.Ser-Ser-Asn.Gln- 
Lys-Ile-Tyr-Leu-Ala, Trp-Ala-Ser-TTir-Arg-Glu-Ser, and Gln-Gln-Tyr-Tyr-Arg-Tyr-Pro- 
Arg-Thr. 

15 

1 1 The modified immunoglobulin of claim 3 in which said tumor antigen is an 
antigen for a tumor of the breast, ovary, uterus, prostate, bladder, lung, skin, pancreas, colon, 
gastrointestinal, B lymphocyte or T lymphocyte. 

20 12 The modified immunoglobulin of claim 1 in which said cancer antigen is 

selected from the group consisting of KS 1/4 pan-carcinoma antigen, ovarian carcinoma 
antigen, prostatic acid phosphate, prostate specific antigen, melanoma-associated antigen 
p97 melanoma antigen gp75, high molecular weight melanoma antigen, prostate specific 
membrane antigen, carcinoembryonic antigen, polymorphic epithelial mucin antigen, human 

25 milk fat globule antigen, colorectal tumor-associated antigen TAG-72, C017-1 A. GIGA 19- 
9 CTA-l LEA Burkitt's lymphoma antigen.38.13,CD19, human B-lymphomaantigen- 
CD20 CD33. ganglioside GD2, ganglioside GD3. ganglioside GM2, ganglioside GM3, 
tumor-specific transplantation type of cell-surface antigen, oncofetal antigen-alpha- 
fetoprotein L6, human lung carcinoma antigen L20, human leukemia T cell antigen-Gp37, 

30 neoglycoprotein, sphingolipids. EGFR, HER2 antigen, polymorphic epithehal mucin. 
malLant human lymphocyte antigen-APO-1. 1 antigen M18. M39. SSEA-1, VEP8, VEP9, 
Myl VIM-D5, D.56-22, TRA-l-85. €14, F3. AH6, Y hapten, Le>, TL5, FCIO.2, gastric 
adenocarcinoma antigen, €0-514, NS-IO, CO-43, MH2, 19.9 found in colon cancer, gastnc 
cancer mucins, T,A. R.. 4.2, G., Dl.l. OFA-l, G^, OFA-2. Go. Ml :22:25:8, SSEA-3, 

35 SSEA-4, and a Tcell receptor derived peptide. 
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13. A modified immunoglobulin that immunospecifically binds a first member of 
a binding pair, which binding pair consists of said first member and a second member. 

said immunoglobulin comprising a variable domain having at least one CDR 

containing a portion of said second member, 
5 said portion containing a binding site for said first member and not being 

found naturally in the CDR, 

said first member being an antigen of an infectious disease agem. 



14. The modified immunoglobulin of claim 13 which is an antibody. 



10 



15. The modified immunoglobulin of claim 13 in which said infectious disease 
agent is a bacterium. 

16. The modified immunoglobulin of claim 13 in which said infectious disease 
15 agent is a virus. 

1 7. The modified immunoglobulin of claim 1 3 in which said infectious disease 

agent is a parasite. 

20 18 The modified immunoglobulin of claim 13 in which the antigen for the 

infectious disease agent is selected from the group consisting of a Brambell receptor, an 
antigen of HSV-2, an antigen of a gonnococcus, an antigen of Treponema pallidum, an 
antigen of Chlamydia trachomatis, or an antigen of human papillomavirus. 

25 19 The modified immunoglobulin of claim 13 in which the antigen for the 

infectious disease agent is selected from group consisting of influenza virus hemagglutinin, 
human respiratory syncytial virus G glycoprotein, core protein of Dengue virus, matnx 
protein of Dengue virus, measles virus hemagglutinin, herpes simplex virus type 2 
glycoprotein gB, poliovirus I VPl, envelope glycoproteins of HIV I, hepatitis B surface 

30 antigen, diptheria toxin, streptococcus 24M epitope, gonococcal pilin, pseudorabies virus 
g50 pseudorabies virus glycoprotein H. pseudorabies virus glycoprotein E, transmissible 
gastroenteritis glycoprotein 195. transmissible gastroenteritis matrix protein, swine rotavirus 
glycoprotein 38, swine parvovirus capsid protein. Serpulina hydodysenteriae protective 
antigen, bovine viral diarrhea glycoprotein 55, Newcastle disease virus hemagglutimn- 

35 neuraminidase, swine flu hemagglutinin, swine flu neuraminidase, infectious bovine 
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rhinotracheitis virus glycoprotein E, infectious laryngotracheitis virus glycoprotem G or 
glycoprotein I, a glycoprotein of La Crosse vin., neonatal calf dianhea virus. hepatUis B 
virus core protein, hepatitis B virus surface antigen, equine influenza virus type A/Alaska 91 
neuraminidase, equine influenza virus type AA^iami 63 neuraminidase, equine influenza 

5 virus type A/Kentucky 81 neuraminidase, equine herpesvirus type 1 glycoprotein B, equme 
herpesvirus type 1 glycoprotein D, bovine respiratory syncytial virus attachment protem, 
bovine respiratoiy syncytial virus fusion protein, bovine respiratory syncytial virus 
nucleocapsid protein, bovine paminfluenza virus type 3 fusion protein, bovine paramfluenza 
vims type 3 hemagglutinin neuraminidase, bovine viral diarrhea virus glycoprotein 48, and 

10 bovine diarrhea virus glycoprotein 53. 

20 The modified immunoglobulin of claim 1 5 in which the infectious disease 
agent is selected from a group consisting of mycobacteria rickettsia, mycoplasma. Neisseria 
spp Shigella spp. legionella. Vibrio cholerae. Streptococci, corynebacteria diphthenae, 

15 Clostridium tetani, bordetella pertussis, Haemophilus spp.. Chlamydia spp., and Escherichia 
coll. 

21 The modified immunoglobulin of claim 16 in which the infectious disease 
agent is selected from a group consisting of hepatitis t>Te A. hepatitis type B. hepatitis type 

20 C influenza, varicella, adenovirus, herpes simplex type I, herpes simplex type II. nnden^est, 
rhinoviais. echovirus. rotavirus, respiratoiy syncytial vims, papilloma vims, papova vims 
cytomegalovims. echinovims, arbovims, hantavims, coxsachie vims, mumps vims, measles 
vim<= mbella vims, polio virus, human immunodeficiency virus type I. human 
imm"^odeficiency vims type II, picomavimses, enterovim.ses. caliciviridae, Norwalk group 

25 of vimses, togavimses, alphavimses. flavivimses. coronavimses. rabies vims. Marburg 
vimses. ebola vimses. parainfluenza vims, orthomyxovimses, bunyavimses. arenavimses. 
reovimses, rotaviruses, orbivimses, human T cell leukemia vims type I. human T cell 
leukemia vims type II. simian immunodeficiency virus, lentivimses, polyomavimses. 
parvovimses, Epstein-Bait vims, human herpesvims-6. cercopithecine herpes vims 1, and 

30 poxviruses. 

22 The modified immunoglobulin of claim 17 in which the infectious disease 
agent U selected ftom a group consisting of Plasmodia, eimeria, leishmania. kokzidtoa, and 
trypanosoma, and fimgi. 

35 
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23 A modified immunoglobulin that immunospecifically binds a first member of 
a binding pair, which binding pair consists of said first member and a second member, 

said immunoglobulin comprising a variable domain having at least one CDR 

containing a portion of said second member, 
5 said portion containing a binding site for said first member, which bmdmg 

site does not have dte sequence Asn-Ala-Asn-Pro or Asn-Val-Asp-Pro and is not found 

naturally in the CDR, 

said first member being a cellular receptor for an infectious disease agent. 

10 24. The modified immunoglobulin of claim 23 which is an antibody. 

25. The modified immunoglobulin of claim 23 in which said infectious disease 

agent is a bacterium. 

15 26. The modified immunoglobulin of claim 23 in which said infectious disease 

agent is a virus. 

27. The modified immunoglobulin of claim 23 in which said infectious disease 
agent is a parasite. 

20 

28 The modified immunoglobulin of claim 23 in which the cellular receptor is 
selected from a group consisting of LPV receptor, adenylate cyclase, BDV surface 
glycoproteins, N-acetyl-9-O-acetylneuraminic acid receptor, CD4'. highly sulphated type 
heparin sulphate, p65. Gal alpha 1-4-Gal-containing isoreceptors, CD16b, iiitegnn VLA-2 

25 receptor EV receptor, CD14. glycoconjugate receptors, alpha^eta T-cell receptor, decay- 
accelerating factor receptor, extracellular envelope glycoprotein receptor, immunoglobulin 
Fc receptor poxvirus M-T7, GALV receptor. CD14 receptor, Lewis(b) blood group antigen 
receptor T-cell receptor, heparin sulphate glycoaminoglycans receptor, fibroblast growth 
factor receptor. GDI la, CD2, G-protein coupled receptor, CD4, heparin sulphate 

30 proteoglycan, amiexin II, GDI 3 (aminopeptidase N), human aminopeptidase N receptor, 
hemagglutinin receptor, GR3 receptor, protein kinase receptor, galactose N- 
acetylgalactosamine-inhibitable lectin receptor, chemokine receptor, amiexin I. actA protem. 
CD46 receptor, meningococcal virulence associated opa receptors, CD46 receptor, 
carcinoembryonic antigen family receptors, carcinoembryonic antigen family Bgla receptor, 

35 gamma interferon receptor, glycoprotein gp70, rmcl receptor, human integnn receptor 
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alpha V beta 3. heparin sulphate proteoglycan receptor. CD66 receptor, integrin receptor, 
membrane cofactor protein, CD46, GMl, GM2, GM3, CD3, ceramide, hemagglutmm- 
neuraminidase protein, erythrocyte P antigen receptor, CD36 receptor, glycophonn A s 
receptor, interferon gamma receptor. KDEL receptor, mucosal homing alpha4beta7 receptor, 
5 epidemial growth factor receptor, alphaSbetal integrin protein, non-glycosylated J774 
receptor CXCRl-4 receptor, CCRl-5 receptor, CXCR3 receptor, CCR5 receptor, gp46 
surface glycoprotein, TNFR p55 receptor, TNFp75 receptor, soluble interleukin-1 beta 
receptor. 

10 29. A modified immunoglobulin that immunospecifically binds a first member of 

a ligand-receptor binding pair, which binding pair consists of said first member and a second 
member, 

said immunoglobulin comprising a variable domain having at least one CDR 

containing a portion of said second member, 
15 said portion containing a binding site for said first member and not being 

found naturally in the CDR. 

30. The modified immunoglobulin of claim 29 which is an antibody. 

20 31. The modified immunoglobulin of claim 29 in which said first member is a 

receptor. 

.32. The modified immunoglobulin of claim 29 in which said first member is a 

ligand. 

25 

33. The modified immunoglobulin of claim 29 in which said first member is a 
receptor agonist. 

34. The modified immunoglobulin of claim 29 in which said first member is a 
30 receptor antagonist. 

35. The modified immunoglobulin of claim 29 in which said first member is a 
bradykinin receptor. 



35 
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36. The modified immunoglobulin of claim 35, wherein said portion consists of 
the amino acid sequence Arg-Pro-Pro-Gly-Phe-Gly-Phe-Ser-Pro-Phe-Arg. 

37. The modified immunoglobulin of claim 3 1 in which said receptor is selected 
5 from a group consisting of an opioid receptor, a glucose transporter, a glutamate receptor, an 

orphanin receptor, erythropoietin receptor, insulin receptor, tyrosine kinase receptor, KIT 
stem cell factor receptor, nerve growth factor receptor, insulin-like growth factor receptor, 
granulocyte-colony stimulating factor receptor, somatotropin receptor, glial-derived 
neurotrophic factor receptor, gp39 receptor, G-protein receptor class and B2-adrenergic 
receptor 

38. The modified immunoglobulin of claim 30 in which said ligand is selected 
from a group consisting of cholecystokinin, galanin. IL-L lL -2. IL-4, IL-5, IL-6, IL-1 1, a 
chemokine, leptin, a protease, neuropeptide Y, neurokinin-1, neurokinin-2, neurokinin-3, 

15 bombesin, gastrin, corticotropin releasing hormone, endothelin, melatonin, somatostatin, 
vasoactive intestinal peptide, epidermal grovMh factor, tumo^ necrosis factor, dopamine, and 
endothelin. 

39. The modified immunoglobulin of claim 2, 14. 24. or 30. in which said 
20 antibody is of a type selected from the group consisting of IgG, IgE, IgM, IgD and IgA; 

40. A fragment of the modified immunoglobulin of claim 2, 1 4, 24, or 30. in 
which said fragment can immunospecifically bind said first member. 

25 41 . The fragment of claim 40, in which said fragment is selected from the group 

consisting of a Fab, a (Fab'):, a heavy chain dimer, a light chain dimer, and a Fv fragmem. 

42. The modified immunoglobulin of claim 2. 14, 24, or 30, in which said 
portion is an insertion within said CDR. 

30 

43. The modified immunoglobulin of claim 2, 14, 24, or 30, in which said 
portion replaces one or more amino acids of the CDR. 

44. The modified immunoglobulin of claim 2. 14, 24, or 30, in which said CDR 
35 containing said portion is a germline CDR. 
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45. The modified immunoglobulin of claim 2, 14, 24, or 30, in which said CDR 
containing said portion is a non-germline CDR. 

46. The modified immunoglobulin of claim 2, 14. 24 or 30, in which said portion 
5 is at least 4 amino acids. 

47. The modified immunoglobulin of claim 2, 14, 24, or 30, in which said 
portion is in the range of 10-20 amino acids. 

10 48. The modified immunoglobulin of claim 2, 14. 24. or 30, in which said CDR 

containing said portion contains no more than 25 amino acids. 

49. The modified immunoglobulin of claim 2, 14, 24, or 30, in which said CDR 
containing said portion is the first CDR of the heavy chain variable region. 

15 

50. The modified immunoglobulin of claim 2, 14, 24, or 30, in which said CDR 
containing said portion is the second CDR of the heav>' chain variable region. 

51. The modified immunoglobulin of claim 2, 14, 24, or 30, in which said CDR 
20 containing said portion is the third CDR of the heavy chain variable region. 

52. The modified immunoglobulin of claim 2. 14, 24 or 30. in which said CDR 
containing said portion is the first CDR of the light chain variable region. 

25 53. The modified immunoglobulin of claim 2. 14, 24, or 30, in which said CDR 

containing said portion is the second CDR of the light chain variable region. 

54. The modified immunoglobulin of claim 2. 14, 24, or 30, in which said CDR 
containing said portion is the third CDR of the light chain variable region. 

30 

55. The modified immunoglobulin of claim 2. 14, 24, or 30. in which more than 
one CDR contains a portion of said binding site. 

56. The modified immunoglobulin of claim 2, 14, 24, or 30 in which a second 
35 CDR contains a second binding site for a molecule other than said first member. 
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57. The modified immunoglobulin of claim 56 in which said molecule other than 
said first member is a molecule on the surface of an immune cell. 

58. The modified immunoglobulin of claim 57 in which said immune cell is a T 
5 cell, B cell, NK cell, K cell, TIL cell or neutrophil. 

59 The modified immunoglobulin of claim 2, 14, 24, or 30 which has a higher 
specificity for said first member than a naturally occurring antibody that immunospecifically 
binds said first member. 

10 

60 The modified immunoglobulin of claim 2. 14, 24, or 30 which has a higher 
affinity for said first member than a naturally occurring antibody that iimnunospecifically 
binds said first member. 

15 61. The modified immunoglobulin of claim 2, 14, 24, or 30 which exhibits a 

binding constant for said first member of at least 2x1 0'M. 

62. The modified immunoglobulin of claim 2, 14, 24, or 30, wherein said 
antibody possesses an affinity constant for said first member of at least 2xlO^M. 

20 

63 The modified immunoglobulin of claim 1, 13, 23,or 29 in which one or more 
cysteine residues in the variable region of said immunoglobulin tlaat form a disulfide bond 
are substituted with one or more amino acid residues that do not have a sulfl^ydryl group. 

25 64 The modified immunoglobulin of claim 63 in which at least one of said one 

or more cysteine residues is at position 23 or 88 of the light chain variable region. 

65 The modified immunoglobulin of claim 63 in which at least one of said one 
or more cysteine residues is at position 23 or 92 of the heavy chain variable region. 

30 

66. The modified immunoglobulin of claim 63 which at least one of said amino 
acid residues that do not have a sulftiydryl group is an alanine. 



35 
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67 A molecule comprising a variable domain that immunospecifically binds a 
first member of a binding pair, which binding pair consists of said first member and a 
second member, 

said variable domain having at least one CDR containing a portion of said 

5 second member, , 

said portion containing a binding site for said first member and not being 

found naturally in the CDR, 

said first member being a cancer antigen. 

10 68 A molecule comprising a variable domain that immunospecifically binds a 

first member of a binding pair, which binding pair consists of said first member and a 
second member, 

said variable domain having at least one CDR containing a portion of said 
second member and not being found naturally in the CDR, 
15 said portion containing a binding site for said first member, 

said first membei being an antigen of an infectious disease agent. 

69 A molecule comprising a variable domain that immunospecifically binds a 
first member of a binding pair, which binding pair consists of said first member and a 

20 second member, 

said variable domain having at least one CDR containing a portion of said 

second member, , . u u- j 

. . said portion containing a binding site for said first member which bmdmg site 

* A I, A ..n Prn nr Asn-Val-AsD-Pro and is not found naturally 
does not have the sequence Asn-Ala-Asn-Pro or Asn vai /vbp nu 

25 in the CDR, 

said first member being a cellular receptor for an infectious disease agent 

70 A molecule comprising a variable domain that immunospecifically binds a 
first member of a ligand-receptor binding pair, which binding pair consists of said first 

30 member and a second member, 

said variable domain having at least one CDR containing a portion of said 

second member, . 

said portion containing a binding site for said first member and not bemg 

found naturally in the CDR. 

35 
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71 . The molecule of claim 67, 68, 69, or 70, in which said molecule is a single 
chain antibody. 

72. The molecule of claim 67, 68, 69. or 70. which further comprises a constant 
5 domain. 

73 The molecule of claim 72 in which the variable domain is from a mouse 
antibody, except for the CDR containing said portion, and the constant domain is from a 
human antibody. 

10 

74 The molecule of claim 72 in which the variable domain has framework 
regions from a human antibody and CDRs from a mouse antibody, except for the CDR 
containing said portion, and in which the constant domain is from a human antibody. 

15 75 The molecule of claim 74 in which said variable domain has at least one of 

framework region having at least one amino acid change with respect to the naturally 
occurring framework region. 

76 The molecule of claim 67, 68, 69, or 70, which is fused via a covalent bond 
20 to an immur.ostimulatory or growth enhancing factor or a functional fragment thereof. 

77 The molecule of claim 76 where the immunostimulatory factor is chosen 
from tlte group consisting of interieukin-2, interleukin^, interleukin-5, interleukin-6, 
intcrieukin-7. interleukin-lO, interleukin-12, interleukin-lS, G-colony stimulating factor. 

25 tumor necrosis facto, porin, interferon-ganuna, NK cell antigen., and a cellular endocytos.s 

recptor. 

78. Ail isolated nucleic acid comprising a nucleotide sequence encoding the 
modified immunoglobulin of claim 1, 13, 23, or 29. 

30 

79. An isolated nucleic acid comprising a nucleotide sequence encoding the 
molecule of claim 67, 68, 69, or 70. 



80. 

35 



The isolated nucleic acid of claim 78 in which said nucleic acid is a vector. 
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81. 



The isolated nucleic acid of claim 79 in which said nucleic acid is a vector. 



82. A cell containing the nucleic acid of claim 78, which nucleic acid is 
recombinant. 

83. A cell containing the nucleic acid of claim 79. which nucleic acid is 
recombinant. 



84. 



A recombinant non-human animal containing the nucleic acid of claim 78. 



10 



85. A 



recombinant non-human animal containing the nucleic acid of claim 79. 



86. A pharmaceutical composition comprising a therapeutically or 
prophylactically effective amount of the modified immunoglobulin of claim 1, 13, 23 or 29; 
1 5 and a pharmaceutically acceptable carrier. 

87 A pharmaceutical composition comprising a therapeutically or 
prophylaciically effective amount of the molecule of claim 67, 68, 69 or 70; and a 
pharmaceutically acceptable carrier. 

20 

88 A pharmaceutical composition comprising of a therapeutically or 
prophylactically effective amount of the nucleic acid of claim 78; and a pharmaceutically 
acceptable carrier. 

25 89 A pharmaceutical composition comprising of ^ therapeutically or 

prophylactically effective amount of the nucleic acid of claim 79; and a pharmaceutically 

acceptable carrier. 

90. A pharmaceutical composition comprising of a therapeutically or 
30 prophylactically effective amount of the recombinant cell of claim 82; and a 

pharmaceutically acceptable carrier. 

91. A pharmaceutical composition comprising of a therapeutically or 
prophylactically effective amount of the recombinant cell of claim 83; and a 

35 pharmaceutically acceptable carrier. 
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92. A vaccine composition comprising an amount of the modified 
immunoglobuHn of claim 1. 13. 23, or 29 sufficient to induce an immune response; and a 
pharmaceutically acceptable carrier. 

5 93. A vaccine composition comprising an amount of the molecule of claim 67, 

68, 69, or 70 sufficient to induce an immune response; and a pharmaceutically acceptable 
carrier. 

94. A vaccine composition comprising an amount of the modified 

10 immunoglobulin of claim 63 sufficient to induce an anti-idiotype response; and a 
pharmaceutically acceptable carrier. 

95. A method for identifying or measuring or detecting a cancer antigen in a 
sample to be tested, which cancer antigen is a first member of a binding pair consisting of 

15 said first member and a second member, said method comprising the steps of: 

(a) contacting the sample to be tested with a modified immunoglobulin 
that can immunospecifically bind to said cancer antigen, said modified 
immunoglobulin comprising a variable domain having at least one CDR containing a 
portion of said second member, which portion contains a binding site for said cancer 

20 ar.tigen and is not found naturally in the CDR.. under conditions such that 

...immunospecific binding of said modified immunoglobulin to any of said cancer 

antigen in the sample can occur; and 

(b) . . detecting any binding of said modified immunoglobulin to said cancer 

antigen that occurs; 

25 wherein detection of binding of said modified inununoglobulin to said cancer antigen 
indicates the presence of said cancer antigen in said sample. 

96; A-method for identifymg w measuring or detecting an antigen of an 

infectious disease agent in a sample to be tested, which antigen i. a first member of a 
30 binding pair consisting of said first member and a second member, said method compnsing 
the steps of: 

(a) contacting the sample to be tested with a modified immunoglobulin 
that can immunospecifically bind to said antigen, said modified immunoglobulin 
comprising a variable domain having at least one CDR containing a portion of said 
35 second member, which portion contains a binding site for said antigen and is not 
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found naturally in the CDR, under conditions such that immunospecific bindmg of 
said modified immunoglobulin to any of said antigen in the sample can occur; and 

(b) detecting any binding of said modified immunoglobulin to said 
antigen that occurs; 

5 wherein detection of binding of said modified immunoglobulin to said antigen indicates the 
presence of said antigen in said sample. 

97 A method for identifying or measuring or detecting a ligand in a sample to be 
tested, which ligand is a first member of a binding pair consisting of said first member and a 

10 second member, said method comprising the steps of: 

(a) contacting the sample to be tested with a modified immunoglobulin 
that can imnmunospecifically bind to said ligand, said modified immunoglobulin 
comprising 3 variable domain having at least one CDR containing a portion of said 
second member, which portion contains a binding site for said ligand and is not 
15 found naturally in the CDR, under conditions such that immunospecific binding of 

said modified immunoglobulin to any of said ligand in the sample can occur; and 

(a) detecting any binding of said modified immunoglobulin to said ligand 

that occurs; 

wherein detection of binding of said modified immunoglobulin to said ligand indicates the 
20 presence of said ligand in said sample. 

98 A method for identifying or measuring or detecting a receptor in a sample to 
. ..be.tested, which receptor is a first member of a binding pair consisting of said first member 

and a second member, said method comprismgihe steps of: 
25 (a) contacting the sample to be tested with a modified immunoglobulm 

that can immunospecifically bind to said receptor, said modified immunoglobulin 
comprising a variable domain having at least one CDR containing a portion of said 
. second member, which portion contains a binding site for said receptor and is not 
found naturaUy in the CDR, under conditions such that immunospecific binding of 
30 said modified immunoglobulin to any of said receptor in the sample can occur; and 

(a) detecting any binding of said modified immunoglobulin to said 
receptor that occurs; 

wherein detection of binding of said modified immunoglobulin to said receptor indicates the 
presence of said receptor in said sample. 

35 
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99 A kit for the detection of a cancer antigen, which cancer antigen is a first 
member of a binding pair consisting of said first member and a second member, said kit 

comprising in a container: 

(a) a modified immunoglobulin which can immunospecifically bmd said 

5 cancer antigen, said immunoglobulin comprising a variable domain having at least 

one CDR containing a portion of said second member, said portion containing a 
binding site for said cancer antigen and not being found naturally in the CDR; and 

(b) a means to detect binding of said cancer antigen to said immunoglobulm . 

10 100 A kit for the detection of an antigen of an infectio-js disease agent, which 

antigen is a first member of a binding pair consisting of-said first member and a second 
member, said kit comprising in a container: 

(a) a modified immunoglobulin which can immunospecifically bmd said 
antigen, said immunoglobulin comprising a variable domain having at least one 

1 3 CDR containing a portion of said second member, said pordon containing a binding 

site for said antigen and not being found naturally in the CDR; and 

(b) a means to detect binding of said antigen to said immunoglobulm. 

101 A kit for the detection of a cellular receptor for an infectious disease agent, 
20 ^-hich cellular receptor is a first member of a binding pair consisting of said first member 
. and a second member, said kit comprising in a container: 

(a) a modified immunoglobulin which can immunospecifically bind said 
cellular receptor, said immunoglobulin comprising a variable domain having at least 
one CDR containing a portion of said second member, said portion contaimng a 

25 binding site for said cellular receptor, which binding site does not have the sequence 

Asn-Ala-Asn-Pro or Asn-Val-Asp-Pro and is not found naturally in the CDR; and 

(b) a means to detect binding of said cellular receptor to said 
immunoglobulin, 

30 102 A kit for the detection of an ligand, which is a first member of a binding pair 

consisting of said first member and a second member, said kit comprising in a container: 
(a) a modified immunoglobulin which can immunospecifically bind said 
ligand, said immunoglobulin comprising a variable domain having at least one CDR 
contaimng a portion of said second member, said portion containing a binding site 
35 for said ligand and not being found naturally in the CDR; and 
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(b) a means to detect binding of said ligand to said immunoglobulin. 

103 A kit for the detection of a receptor, which is a first member of a binding pair 
consisting of said first member and a second member, said kit comprising in a container: 

(a) a modified immunoglobulin which can immunospecifically bmd said 
receptor, said immunoglobulin comprising a variable domain having at least one 
CDR containing a portion of said second member, said portion containing a bmdmg 
cite for said receptor and not being found naturally in the CDR; and 

(b) a means to detect binding of said receptor to said immunoglobuhn. 



10 



104 A method of diagnosing or screening for tl-.c presence of or a predisposition 
for developing a cancer characterized by the increased presence of a cancer antigen, which .s 
a first member of a binding pair consisting of said first member and a second member, said 

1 5 n^ethod comprising measuring in a subject the level of immunospecific binding of a 
modified immunoglobulin to a sample derived from th.e subject, in which said modified 
i^xununoglobulin immunospecifically binds said cancer antigen and in wluch said modified 
immunoalobulin comprises a variable domain having at least one CDR containing a pomon 
of .aid second member, said portion containing a binding site for said cancer ar^tigen and not 

20 fcind naturally in the CDR, in which an increase in ch« level of said imn.arospecific 
-.^^bindLg-reiative to the level of said i:nmuuospecific binding in an ar^alogoas sample trom a 
subject not having the carreer or a predisposition for deveioping the caiKer, indicates the 
presence of the cancer or a predisposition for developing Uie cancer. 

25 105 A method of diagnosing or screening-forthe:presencc df-aninl'ectious disease 

agent, characterized by the presence of ai. antigen of said infectious disease agent, which 
antigen is a first member of a binding pair consisting of said first member and a second 
. member, said method comprisingrneasuring in a subject the level of immunospecific 

binding of a modified immunoglobulin to a sample derived from the subject, in which said 
30 naodified immunoglobulin immunospecifically binds said antigen and in which said 

modified immunoglobulin comprises a variable domain having at least one CDR contaimng 
a portion of said second member, said portion containing a binding site for said antigen and 
not being found naturally in the CDR, in which an increase in the level of said 
immunospecific binding, relative to the level of said immunospecific binding m an 

35 
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analogous sample from a subject not having the infectious disease agent, indicates the 
presence of said infectious disease agent. 

106. A method of treating or preventing, in a subject in need of such treatment or 
5 prevention, a cancer characterized by the presence of a cancer antigen, which cancer antigen 

is a first member of a binding pair consisting of said first member and a second member and 
which cancer antigen is immunospecifically bound by a modified iimnunoglobulin, said 
immunoglobulin comprising a variable domain having at least one CDR containing a portion 
of said second member, said portion containing a binding site for said cancer antigen and not 
10. being found.naturally in the CDR.-such method comprising administering to the subject a 
therapeutically or prophylactically effective amount of said modified immunoglobulin. 

107. A method of treating or preventing, in a subject in need of such treatment or 
prevention, an infectious disease characterized by the presence of an antigen of an infectious 

15 disease agent, which antigen is a first member of a binding pair consisting of said first 
member and a second member and which antigen is immm.ospecifically bound by a 
modified immunoglobulin, said immunoglobulin comprising a variable domain having at 
least one CDR containing a portion of said second member, said portion containing a 
binding site for said antigen and not being found naturally .=n the CDR. comprismg 

20.. administering to the subject a therapeutically or prophylactically elfccrive amovmt of said 
■modified immunoglobulin. 

108 A method of treating or.preventing. in a subject in need of such treatment or 
prevention, a disease caused by an infectious disease agent that binds to a cellular receptor, 

25 which cellular receptor is a first member of a binding pair xonsisting of said first member 
and a second member and which cellular receptor is immunospecifically bound by a 
modified immunoglobulin, said immunoglobulin comprising a vciriable domain having at 
. least one CDR containing a portion of said ^cond member, said portion contaimng a 
binding site for said cellular receptor, which binding site does not have the sequence Asn- 

30 Ala-Asn-Pro or Asn-Val-Asp-Pro and is not found naturally in the CDR, said method 
comprising administering to the subject a therapeutically or prophylactically effective 
amount of said modified immunoglobulin. 
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109. A method for modulating the activity of a first member of a binding pair, 
which binding pair consists of a firet and a second member, said method comprising 
administering the modified immunogiobuHn of claim 1 , 1 3, 23 or 29. 

5 1 10. A method of producing a modified immunoglobulin that immunospecifically 

binds a cancer antigen, which cancer antigen is a first member of a binding pair consisting of 
said first member and a second member, said modified immunoglobulin comprising a 
variable domain having at least one CDR containing a portion of said second member, said 
portion containing a binding site for said cancer antigen and not being found naturally in the 

.1 0 .<:DR,-5aid method comprising growing a recombinant cell containing a nucleic acid 
comprising a nucleotide sequence encoding the modified immunoglobulin such that the 
encoded modified immunoglobulin is expressed by the ceil, and recovering the expressed 
modified immunoglobulin. 

15 1 1 1. A method of producing a modified immunoglobulin that immunospecifically 

binds an antigen of an infectious disease agent, which antigen is a first member of a binding 
pair consisting of said first member and a second member, said modified immunoglobulin 
comprising a variable domain having at least one CDR containing a portion of said second 
member, said portion containing a binding site for said antigen and not being found naturally 

20 in the CDR, comprising groudng a recombinant eel! containing a nucleic acid comprising a 
... nucleotide sequence encoding the modified inununoglobulin such that the encoded modified 
immunoglobulin is expressed by the cell, and recovering the expressed modified 
immunoglobulin. 

25 1 12. A method of producing a modifiedrinuuunoglobulin that immunospecifically 

binds a cellular receptor for an infectious disease agent, which cellular receptor is a first 
member of a binding pair consisdng of said fi.-.^i member and a second member, said 
, .modified immunoglobulin comprising a variable domain having at least one CDR conta^mng 
. a portion of said second .member, said portion containing a binding site for said cellular 
30 receptor, which binding site does not have the.seq;.ence Asn-Ala-Asn-Pro or Asn-Val-Asp- 
Pro and is not found naturally in the CDR, comprising growing a recombinant cell 
containing a nucleic acid comprising a nucleotide sequence encoding the modified 
immunoglobulin such that the encoded modified immunoglobulin is expressed by the cell, 
and recovering the expressed modified immunoglobulin. 
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113. A method of producing a modified immunogiobuliti that immunospecifically 
binds a ligand, which ligand is a first member of a binding pair consisting of said first 
member and a second member, said modified immunoglobulin comprising a variable domam 
having at least one CDR containing a portion of said second member, said portion 

5 containing a binding site for said ligand and not being found naturally in the CDR, said 
method comprising growing a recombinant cell containing a nucleic acid compnsmg a 
nucleotide sequence encoding the modified immunoglobulin such that the encoded modified 
immunoglobulin is expressed by the cell, and recovering the expressed modified 
immunoglobulin. 

10 

1 14. A method of producing a modified immunoglobulin that immunospecifically 
binds a receptor, which receptor is a first member of a binding pair consisting of said first 
member and a second member, said modified immunoglobulin comprising a variable domam 
having at least one CDR containing a portion of said second member, said portion 

15 containing a binding site for said receptor and not being found naturally in the CDR, said 
method comprising growing a recombinant cell containing a nucleic acid comprising a 
nucleotide sequence encoding the modified immunoglobulin such that the encoded modified 
immunoglobulin is expressed by the ceil, and recovering the expressed modified 
immunoglobulin. 

20 

. 1 1 5. ^ A method of producing a nucleic acid encoding the modified immunoglobulin 
of claim 1. 13.23 or 29 comprising: . 

(a) . synthesizing.a set of.oligonucleotidcs, said set comprising 

. .oligonucleotides coniaining a portion of .he.nucleotide sequence that encodes the modified 
25 immunoglobulin and oligonucleotides containing a portion of the nucleotide acid sequence 

that is complementary to the nucleotide sequence that encodes the modified 
- iminunoglobulin. and each of said oligonucleotides having overlapping termmal sequences 
. ..with another oligonucleotide of said set. except for those oligonucleotides comammg tlic 
. nucleotide sequences encoding the N-terminal and C-terminal portions of the modified 

30 immunoglobulin; 

(b) allowing the oligonucleotides to hybridize to each other; and 

(c) ligating the hybridized oligonucleotides, 

such that a nucleic acid containing the nucleotide sequence encoding the modified 
immunoglobulin is produced. 
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1 16 A method of producing a modified immunoglobulin that immunospecifically 
binds a first member of a binding pair, which binding pair consists of said Hrst member and 
a second member, said immunoglobulin comprising a variable domain having at least one 
CDR containing a portion of said second member, said portion containing a bindmg sue for 

5 said first member and not being found naturally in the CDR, said first member bemg a 

cancer antigen, said method comprising: 

(a) growing a recombinant cell containing a nucleic acid produced by the 
method of claiml 1 5 such that the encoded modified immunoglobulin is expressed by 
the cell; and 

1 0 (b) recovering the expressed modified immunoglobulin. 

117 A method of producing.a modified immunoglobulin that immunospecifically 
binds a first member of a binding pair, which binding pair consists of said first member and 
a second member, said antibody comprising a variable domain having at least one CDR 

1> containing aportion of said second member, said portion containing a binding site tor said 
fust member and not being found naturally in the CDR, said first member being an antigen 
of an infectious disease agent, said method comprising: 

(a) growing a recombinant cell containing a nucleic acid produced by the 
method of claim 115 such that the encoded modified immunoglobulin is expressed 

20 by the cell: and 

.. (b) recovering the expressed modified immunoglobulin. 

118 A method of producing a modified immunoglobulin that immunospecifically 
. -binds a firsx me.mber of a binding pair,^-hich bindingTairconsists of .aid fir.t member and 

. 25 a second member, said antibody comprising^a Wble-domain^having at least one CDR 
containing a portion of said second member, said portion containing a binding site for said 
first ^,emb=er, which binding site does not have the sequence Asn-Al.-Asn-Pro or Asn-Val- 
Asp-Pro and is not found naturally in the CDR, said first member being a cellular receptor 
for an infectious disease agent, said method comprising: 
30 (a) growing a recombinant cell containing a nucleic.acid produced by the 

method of claim 115 such that the encoded modified immunoglobulin is expressed 

by the cell; and 

(b) recovering the expressed modified immunoglobulin. 
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1 19 A method of producing a modified immunoglobulin that immunospecifically 
binds a first member of a binding pair, which binding pair consists of said first member and 
a second member, said antibody comprising a variable domain having at least one CDR 
containing a portion of said second member, said portion containing a bindmg site for said 

5 first member and not being found naturally in the CDR, said first member being a ligand. 

said method comprising: 

(a) growing a recombinant cell containing a nucleic acid produced by the 
method of claim 115 such that the encoded modified immunoglobulin is expressed 
by the cell; and 

10 (b) recovering the expressed modified immunoglobuliix. 

120 A method of producinc.a modified immunoglobulin that 
immunospecifically binds a first member of a binding pair, which binding pair consists of 
said first member and a second member, said antibody comprising a variable domain having 

1 5 at least one CDR containing a portion of said second member, said poraon containing a 
, binding site for said first member and not being found naturally in the CDR. said first 
member being a receptor, said method comprising: 

(a) growing a recombinant cell containing a nucleic acid produced by the 
method of claim 115 such that the encoded modified immunoglobulin is expressed 

20 by the cell; and 

, . . .. (b) - -Tecoveriug the expressed modified immunoglobulin. 

. 121 An isolated nucleic acid produced by the method of claim 115. 

25 122. The isolated nucleic acid of claim- 121 A\'hich is a vector. 
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ConVIil 

EcoRl 
Ghh TTC 



-1 



63 

10 20 
Lp lie Gin Met Thr Gin Ser Pro Ser Ser I^u Ser Ala Ser Val Gly Asp Arg Val 

^ ATC CAA ATO ACA CAA AGT CCI AGT AGT TTG AGT GCT AGT GTG GGA GAT OGG GTG 
ACA 123 

lie Thr eye Arg Ala Ser Gin Ser He Ser Aan Tyr Leu Ala Trp Tyr Gin Gin Lys 
S ACA TGT CGG GCt" AGT CAA AGT ATC AGT AAC TGT TTG GCT TGG TAT CAA CAA AAG 
OCT 183 

SO 60 
ily Lys Ala Pro Lya Leu l^u He Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro 

AAG GCT CCT AAG TTG TTG ATC TAT GCT GCT AGT AGT TTG GAG AGT GGA GTG CCT 
AGT 243 

TO 80 ' 

Sg Phe ser Gly Ser Gly Ser Gly Thr Arg Phe Thr Leu Thr He Ser Ser Leu Gin 
gS TTC AGT GGA AGT GGA AGT GGA. ACA CGG TTC ACC TTG ACC ATC AGT AGT «ib CAA 

CCT 303 

lln ABp Phe Ala Thr Tyr'^ Cys Gin Gin Tyr'SSn Ser Leu Pro Trp Thr Phe Gly 
Sis GAT TTC GCT ACC TAT TAT TGT CaA CAA TAT AAC AGT TTG CCT TGG ACC TTC GGA 

CMl 363 

Glv Thr I*ys Val Glu lie Lys ^gn 

CCA AC<? AAG GTG GAG ATC AAG GAA TTC 
EcoRl 



FIG. 4A 



PCTAJS98/24302 

WO 99/25378 ^ / 17 



BKGORl 

EcoRl 6 
GAA TTC 

-1 

-19 (Leader) «u t«« ma*- Ala Ala Ala Gin Ser Ala Gin. Ala 

si is M Si Si CCX CCC .0, 000 c« 



63 



20 

1. p ne OU Het Thr oln'Scr Pro s,r s„ !«. ser Al. s« val oly «P *r, val 
^ »T0 0« A« A« 0« «t 001 AOT «0T ItO «T 001 ACT OIO «A OAT OAA 0T8 

ACA . 123 

lie Thr oye Ar, Pro Prc'Sly Phe Ser Pro Phe*L, Le« Ale Trp Tyr oln oln Ly. 
£SACA«TCAAC0T0Cr00OTT0T0T00T.T0A0O«00OTT0OTATC0A0AAAAO 

CCT 183 

Sy Ly. Al. Pro vy. vJlo lU Tyr Ale AU 2er «« OX» ser oly vel Pro 
Si AOO OOT COT AAO TTO TTO ATO TAT 00. COT AOT AOT TTO OAO AOT OOA OTO OOT 

AGT 243 

2, P« ser OXy Ser Oly'Ser oly Thr Ar, P.e'?.. ^ "r ser «u Ol. 
SS TTO AOT OOA AOT OOA »0» OOA AOA »0 TTC AOO TTO AOO ATO AOT ACT TTO OAA 

OCT 303 

g. A.P Ph. Al. ^ Tyr'Jyr oy. cl. OU Tyr'S^a ser «u Pro Trp P.e oly 
SS OAT TTO OCT AOO TAT TAT «T CA CAA TAT AAC AOT TTO OCT TOO ACO TTC OOA 

CAR. 363 

Si Thr tys Val Glu He ^Y^ ■ ^ 390 
Sa Sg GTO gag ATC AAG GWV TTC 

EcoHl 
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BKCDR2 

EooKl 6 

GAA TTC ^ 

-19 (Leader) ^ ^ - „ «et Ala Ala Ala Gin Ser Ala Gin Ala 

!gs b ?s ?s ^ siJ Sir «o= «T ooc c« 
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20 

Lp lU Oln Het Pro Ser .er «u Ala Ser Val Oly »sp Val 

^ ATC <aA »I» C« »0T COT «T KI I« MI OCT ACT OTO 0»t 0» OIG 

ACA 123 

Thr eye Ar, »1. ser"l„ Ser He Ser Tyr Leu Trp Tyr Gl« Oln Lye 
ACA T<« C<» OCT AST C» AGI ATC »GT «0 TAT TM OOI TOO TAT OAA «A AAO 



CCT 183 



Sy I.ys Ala pro Lya I^u'Lu He Tyr Pro Gly'Jhe Ser Pro Phe Arg Oly Val Pro 
AAO GCT CCT AAG TXG TTG ATC TAT CCT GCCTTC TCT CCT TTC CGG GGA-GTG CCT 
AGT 243 



80 

Sg Phe .ser Oly Ser Gly'Lr Gly Thr Arg Phe Thr Thr lie Ser Ser I^^ Oln 
TTC AGT GGA AGT GGA AGT GGA ACA CGG TTC ACC TTG ACC ATC AGT «;T TTG CAA 
CCT 303 

on 100 

llu A.P Phe Al. Thr Tyr'^ cy Oln OXe Tyr A«. Ser Pro Trp Thr Phe Oly 
SSCATTTCOOTACOT«TTATIOTOAAC»TAIA»OAOTITOOC.TOOACOTICOOA 

GAA 363 
101 

ClY Thr X-vfl Val Glu lie Lye 390 
GGA ACC AAG GTO GAG ATC AAG GAA TTC 
EOOKl 
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BKC0R3 

BeoRl e 

OAH TTC 

Zll l?t*J^*Val Tro Thr Leu I^tt Phe I*u Met Ma Ala Ala Gin Ser Ala Gin Ala 
SJ? So. GTC ?S JSS TTC CTO ATG GCA OCT GCC OVA AGT OCC CAA GCA 

63 ■; 

10 20 
Lp He Gin Met Thr Gin Ser Pro fier Ser Leu Ser Ala Ser Val Gly Aap Arg Val 

?S ATC CAA ATG ACA CAA AGT CCT AGT AGT TTG AGT GCT AGT GTG GGA GAT CAA GTG 
ACA 123 

30 ^0 
iL Thr eye Arg Ala Ser Gin Ser lie Ser Aan Tyr Leu Ala Trp Tyr Gin Gin Lys 

Sc ACA TGT CGC GCT AGT CAA AGT ATC AGT AAC TAT TTG GCT TGG TAT CAA CAA AAG 
OCT 183 

ill SO 60 

ily Lys Ala Pro Lys Leu Leu He Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro 
AAG GCT CCT AAG TTG TTG ATC TAT GCT GCT AGT AGT TTG GAG AGT GGA^TG OCT 
AGT 243 

70 80 
Sg Phe ser Gly Ser Gly Ser Gly Thr Arg Phe Thr Leu Thr He Ser Ser Eeu Gin 

TTC ACT GGA AGT GGA AGT GGA ACA CGG. TTC ACC TTG ACC ATC AGT AGT TTg'cAA 
CCT 303 

Su ASP Phe Ala Thr Tyr Syr Cys Arg Pro Pro Gly Phe Ser Pro Phe Arg Phe Gly 
SS CAT TTC GCT ACC TAT TAT TGT AGG OCT CCT GGC TTC TCT CCT TTC AGG TTC GGA 
CAA 363 

Gly Thr I.ys Val Glu He Lys -oq 
GGA ACC AAG GTO GAG ATC AAG GAA TTC 
EcoRl 
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OonVHl 

EOORl 6 
GMi TTC 

St'?S*Val Trp Thr Leu Le« Phe Leu Met Ala Ala 2a 
JiS ?S Sis ACC TXG CTA TTC CTG ftTG GCA OCT GCC 

-CRA ACT GCC C3VA GCA 63 

VLt 10 20 

im Val Oln Leu Val Oln Ser Gly Ala Glu Val Lys Lys Pro 

^ ?^ Si 5S Sg TCT GGC GOT GAG GTG AAG AAG CCT 
CGC GCT TCT GTG AAG GTG 123 



21 
40 



30 



35A 35B 



ser cys Lya Ala ficr Gly Tyr Thr Phe Thr Ser Tyr Ala He 
?S5 Si 2S? ^ TTC ACA TCT TAC GCT ATA 

TCT TGG AAT TGG GTG AGG CAG GCT lo» 

J,^ SO 60 

ilo Gly Gin Gly Leu Glu Trp Met Gly Trp He Asn Gly Asn 

S§S S5 TGG ATG GGC TGG ATA AAT GGA AAT 

GGA GKT ACA AAT TAC GCC 249 

70 ®^ 

lia ly. Phe cm Olr Arg v.l ihrlle Ihr aI. lup Thr ser 
?S ^ ^ 2S OK »CT M* ACT OCT G«T ACT TCT 
ACT TCT ACT GCT TAC ATG 309 

81 82A 82B 82C ^° 

Gltt Le«"2r ser Lea Arg ser Glu Aap Thr Ala Val Tyr Tyr 

TW GCT AGG OCT OCT GGC TAC GGC TCT 378 

i ?s ss[ ss Si:'^ ss x?i IS ^ IS ?s OAA TTC 

423 
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BICC0R4 

EoORl 6 
GJVA TTC ^ 

-19 riieader) t«„ Ala Ala Ala Gin Ser Ala Gin Ala 

^ i ?S Si ?S IS J?S Sii 8S 5IS ScT c» c» «T 0=0 cc 

'63 

20 

Jx. V.1 ola va. Glnier oxy Vat Ly. P" oly «• Ser V.I !,„ 

S OTT e«. CK 0« C«, TOI C« GOT 0.0 OXO «0 »0 COT «C OCT «=r CTO »C 

35A 35B 40 
Ur C «. ae. «x/^ Phe T.r Pro Oly Phe Ser Pro Phe Ar, Trp.Val 
^ «r TOT C«= T.e A» TTC AC COT OOC TTC «T C<:T TTO «0 OTO 

AGG CAG GOT 189 

60 

So Cl, Gin oly «u olu=?rp Het oly Trp «e «« oly oly ..p Thr Tyr 
^ COO 0«= OOO OTO O.0 TOO »TO GOO TOO «A »T OO. »T OOA OAT .OA »T T»C 

GCC 249 



80 

SL. l,y, Phe Cln Oly Ar,';.l Thr He Thr Al. A=p Thr ser Thr ser Thr Al. Tyr 
AAO TTO C»0 OOA AGO OTO AOT ATA AOT GOT OAT AOT TOT ACT TOT AOI OCT TAO 

,0 . . 100 

Stb «. SS AT, ser Ol. An- Thr »1. V.1 Tyr Tyr oy. Al. AT, Al. pro 

^ ^ ?^ CIO «S0IOIGA0 0ATACTOOTOTITA0TA0T00GOTA0OGOTCOI 

GGC TAG CGC TCT 378 

3^01 ^, i^eu Val Thr Val fier Ser 

^ IS S SX ?S IS SS AOA GTT TOT TOT OAA TTC 

423 
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BKCDRS 

ECORl g 
OAA. TTC 

wis ait*J«Val Tro Thr Leu Leu Phe Leu Met Ala Ma Ala Gin Ser Ala Gin Ala 
SJS^JSIStoSIJSsSSattcctgaigccagctccccaaagtgcccaagca 

63 

1 10 20 

cm Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lye Pro Gly Ala Ser Val Lys 
So GTT CAG CTG 0T6 CAG TCT GGC OCT GAG GTG AAG AAG COT GGC GOT TCI GTG AAG 
GT6 123 

30 35^^ 35B 40 

ser cya Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr Ala He Ser Trp Asn Trp Val 

JS? ?S JiS GOT TCT GGC TAG ACA TTC ACA TCX TAG GOT ATA TCT TGG AAT TGG GTG 
AGG CaG GOT 189 

At SO ^0 

Jro Gly Gin Gly Leu Glu Trp Met Gly Trp He Asn Gly Arg Pro Pro Gly Phe Ser 
St GGC CAG GGC CTG GAG TGG ATG GGC TGG ATA AAT GGA AGG CCT OCT GGC TTC TCT 
CCT 249 

fi 70 . 80 • * . • 

Ihe Arg Phe Gin Gly Arg Val Th;c He Thr Ala A^p Thr ser Thr Ser Thr Ala Tyx 

^ AAG TTC CAO GGA AGG GTG ACT ATA ACT GCT GAT ACT TCT ACT TCT ACT GCT TAG 

IVXO 309 

90 100 
"u Leu 22 III SS Arg ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Ala Pro 
§S ?S ?S CIG AGG TCT GAG GAT ACT GCT GTT TAG TAG TGC GCT AGG-GCT CCT 
GGC TAC GGC TCT 376 

iSi Tyr Trp Gly Gin Gly^Tbr Leu Val Thr Val Ser Ser 

5S ^ tSg GGA CAG GGA ACA CIO GTT ACA OTT TCT TCT GAA TTC 

423 
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BKCDR6 
ECORI 

-1 



—A 

-19 (Iieader) ^ Met Ala Ala Ula Gin Ser Ala Gin Ala 

b ^ ?S ?S S§ OCT <ax ACT ceo C« <=« 



63 



, - 20 
Jl„ Vl ol„ Leu »»1 CXn'Lr oly Al. olu VU L,3 LyB cly Al. ser v.l L,. 
Si OTI CM CTO OTO CAO TOT OCC OCT GAG 010 »G AM COT oac GOT TCT GIG «« 

GIG 123 

35A 3SB 40 , 

IL era W= Ala ser Gly'^ Thr P.e Ihr Ser Tyr Al. lie Ser Trp Aen Trp V.1 
^?i§JSGCTTCTOGCTACACAITCA=AICITACGOT»TAICTTGGA»TIGGGI0 

ACG CAG GCT - 189 

tlo Gly Gin Oly I^u Glu'Srp Met Gly Trp He Asn Gly Asa Gly Asp Thr Asa Tyr 
GGC CAG GGC CTG GAG TGG KTG GGC TOG . ATA AAT GGA AAT GGA GAT ACA- AAT TAC 
GCC 249 

IL. .y. Phe Gin Oly Arg'Sel Al. Aep Tte Ser Thr ser Tto Al. Tyr 

AAG TTC CAG GGA AGG GTG ACT ATA ACT OCT GAT ACT TCT ACT TCT ACT GCT TAO 

Si. 12 SS AT, ser Olu ASP Thr Al. V.1 Tyr Tyr cy. Al. Ar, pro pro 

S5 ?S ?S CTG AOG TCT GAG GAT ACT GOT GTT TAC TAC TGC OCT AOG CTT CCT 

GGC TTC TCT CCT 378 

l!SlSMMSSSiISXS?S?SG.ATTC 

.423 
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ConVLI 

AAaCA.3* 

U 5.ACnTO<KK:A0CKKXATCA<KJAATAGCAAaaT^ 

BKLCl 5mTATOCAAATOACACAAAGTCX:TAC3TAaTTraAGTXKn'A(nOT 
OaraATCACAS' 

BKLC2 5' TmXXSCKKJTAOTCAAAOTATCAOTAACTATTIXKKTrGOT 
CKJAAAGOCTXX^TAAGfrcnTaATC 3' 

BKLC3 5' TATOCrocrAOTAGTTKKUaAaroaAaTQOT 

BKLCmV A<mKJAAOTCKJAACA0a<nTCA0CTraA0CATCAaTAaTl^ 
TrOQCrAOCrATrAT3' 

BKLC5 5' TxnCAACAATATAACAOTrrCKXnTGGACCTI^ 
OATCAAOOAATrCS* 

BKLC6 5' GAAri«:rraATCKx:AccroKnToc^^ 

TATKnTOACAATAATAGOn' 

BKLC7 5'AGCOAAAlXX:iCAGGTTXKVVAACTA(nX3ATCKlTC^ 
0CACTtCCACTaAA3' 

BkLC»5'C0aACrAQ<X:ACKX:ACTCICX:AA^ 

BKLC9 5* crrAQQMXxnrrccAQQCTrna^ 
TraAcrAaaxxjACATOTaATTOTr 

BKLCIO 5«CACXXXUTCIXXCACACTA<K:ACrCAAACrACrA<K3ACr^^ 

TATcrrGcrraaacs* 

CKKJAAAaaCrpCTAAOTTOITaATCS* 

Bma5Ri95«crrACKiA<KxnTT0CA<KKTrrrcn^ 
QAA<KXAaaAaoooaACAT<mJATrro 

BKLCDR23 5TATOCTOacrrcTCrCXnTICAG<KKJA(mKX:r 
BKLCDR28 5.cxXJACrACKK:ACIXXXXOTAAAGaAaAaAAGCX:A<K^^ 

BKLCDR35 5TOTA<KKX:KXnXKKTrCTC^^ 
AOATCAAOS* 

BKLCDR36 5* QAATTOCTraATUrCXIACXTraOTTO^ 
GOCAaaAaaOCTACAATAATACK3T3» 
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ConVBl 

GCCAGGAGCC3' 

3KHC.05-A<»cncrrtAca«oc«^ 

Bm^Rtts-ooocMAoaioAAOAAGccrasoaa^^ 
TrcreecrACAcmcACAr 
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Minimum documentation searched (classification system followed by elass.ficaUon symDo.s, 
U.S. : Please See Extra Sheet 
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fxl Furtt 
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cttod lo ettobli«h the publication dau of another ciUtioo or other 
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later document publithed afUr the international filing date or prwnty 
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the principU or theory underiying the invention 
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when the document ia taken alone 

•y document of partiwiUr reUvaace; the claimed invention cannot be 
conaidered to involve an inventive step when the document u 
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being obvioua to a peiaon akilled in the art 
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BILLETTA et al. Immunogenicity of an Engineered Intenjal 
Image Antibody. Proc Natl Acad Sci USA. June 1991. Vol.88. 
4713-4717. see entire document. 



US 5.476,784 A (RICE et al) 19 December 1995, see entire 
document. 



WO 94/11509 A2 (CANCER RESEARCH FUND OF CONTRA 
COSTRA) 26 May 1994, see entire document. 



TAUB et al. Peptide Sequence from the Hypervariable regions of 
Two monoclonal anti-idiotypic antibodies against the Thyrotropm 
(TSH) receptor are similar to TSH and inhibit TSH-mcreased 
cAMP production in FRTL-5 thyroid cells. The Journal of 
Biological Chemistry. 25 March 1992. Vol. 267. No. 9. pp 5977- 
5984, see entire article. 



29-30. 70, 102- 
103, 113-114 and 
claims 39, 43. 46- 
48, 51, 72-73, 78- 
94, 115, 117, 
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they depend upon 
claims 29, 30 or 
70 

1-4, 13-15, 20. 
38, 40-42, 44-45, 
49-50, 52-68, 71, 
75, 77, 95-100, 
102-107, 109-111. 
116. 118 
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46-56, 68, 72-75, 
78-94, 96, 100, 
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Ill, 115. 117. 
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23-25, 29-30, 38- 
68. 70-100, 102- 
107, 109-111. 
113-117, 119-122 

29, 30, 49, 52 
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ROSEL et al. Adhesive Functions of Antibodies Antigenized with 
the Arg Gly Asp (RGD) Epitope. FASEB Journal. 1992, . Vol 6, 
No. 4, page A 1400, Abstract 2691, see entire document. 



X 
Y 



BRUMEANU et al. Efficient Loading of Identical Viral peptide 
onto Class U Molecules by Antigenized immunoglobulin and 
Influenza Virus. Journal Experimental Medicine. Novenjber 1993. 
Vol. 178, pages 1795-1799, see entire document. 



US 5,508,386 A (ZANETTI et al) 16 April 1996, see entire 
document. 



US 5,624,904 A (KRIEGER et al) 29 April 1997, see entire 
document. 



29-30, 70, 97-98, ip2- 
103 and claims 
39, 42, 46-48,51, 
72-73 wherein 
they depend upon 
claims 30 or 70 

113-114 and 
claims 40-41, 43- 
45, 49-50, 52-56, 5p 
66, 71, 74-94, 
109. 115, 117. 119- 
122 wherein they 
depend upon 
claims 29, 30 or 
70. 

13-14, 29-30, 39- 
66, 68, 70-94, 96- 
98, 100, 102-103, 
105, 107, 109- 
111, 113-115, 
117, 119-122. 

29-30, 70, 102- 
103, 113-114 and 
claims 39, 43. 46- 
48, 51, 72-73, 78- 
94, 115, 117, 
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they depend upon 
claims 29, 30 or 
70 

1-4, 13-15, 20, 
38, 40-42, 44-45, 
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74-77, 95-100, 
102-107, 109-111, 
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CORTHESY et al. A Pathogen-specific Epitope Inserted into 
Recombinant Secretory Immunoglobulin A is Immunogenic by the 
Oral Route. Journal Biological Chemistiy. 27 December 1996, 
Vol. 271. No. 52, pages 33670-33677, see entire document. 

LANZA et al. Analysis of syncytial-inhibiting anti-CD4 antibodies 
elicited by antigenized antibodies expressing oligopeptides of 
human CD4 in a hypervariable loop. IXth International 
Conference on AIDS and IVth STD World Congress. 01 
September 1993. page 245, Abstract PO-A28.0663, see entire 
document. 



LANZA et al. Use of Antigenized Antibodies Containing CD4 
sequences to generate antibodies able to inhibit syncytial 
formation. FASEB Journal. 1992, Vol. 6, No. 4, page A1400. 
Abstract 2690, see entire document. 



BONA et al. Immunogenicity of microbial peptides grafted in self 
Immunoglobulin Molecules. Cellular and Molecular Biology, 
1994, Vol. 40 (Supplement I) pages 21-30, see entire document. 
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39-66 wherein 
they 
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13-14, 29-30. 39, 
42, 46-48, 51, 57- 
58. 68. 70, 72. 73 
wherein they 
depend upon 
claims 13. 14. 29, 
30 or 70. 



13-14, 29-30, 68, 
70, 92 and claims 
39, 42, 46-48, 51. 
57-58, 72-73 
wherein tfiey 
depend upon 
claims 14, 30, 68 
or 70 

38, 96-98, 100, 
102-103, 105, 
107, 111, 113-114 
and claims 40-41, 
43-45, 49, 50. 52- 
56. 59-66, 71, 74- 
94, 109-115, 117. 
119-122 wherein 
they depend upon 
claims 13, 14, 29, 
30 68 or 70. 

1-4, 13-15, 20, 
29-30, 38-68, 70- 
100, 102-107, 
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Box I Observarions where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This intematioaal icpoit has not been established in respect of certain claims under Article l7(2Xa) for the following reasons: 



1. 



□ Claims Nos.: . 
because they fclato to subject matter not required to be searched by this Authonty, namely: 



2. 



□ Claims Nos.: ... j • i. 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. I I Claims Nos.: ^ , . ^ m t ^ jr \ 

^ because they are dependent claims and are not drafted in accordance wiih the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of Invention Is lacking (Continuation of Item 2 of first sheet) 



This International Searching Authority found mulUple inventions in this international applicaUon. as follows: 
Please See Extra Sheet 



□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims 



2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. [x] As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
— only those claims for which fees were paid, specifically claims Nos.: 

M. 13-15. 20. 23-25. 29-30. 38, 39-68. 70-100, 102-107. 109-111. 113-117. 119-122 



4. n No required additional search fees were timely paid by the applicant ConsequenUy. this international search report is 
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional search fees. 
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A. CLASSIFICATION OF SUBJECT MATTER: 
USCL : 

530/387J. 387.7. 3897. 388,3. 388.4, 388.6. 387.2; 424/13M. 133.1. 138.1. 153.1. 151.1. 150.1. 147.1; 435/327. 328. 
330, 339, 342, 69.6 

B. FIELDS SEARCHED 
Minimum documentatioa searched 
Classificatioa System: U.S. 

530/3873. 387.7. 389.7. 388J. 388.4. 388.6. 387J2; 424/131.1. 133.1. 138.1. IS5.1. 151.1. 150.1. 147.1; 435/327. 328. 
330. 339. 342. 69.6 

B. FIELDS SEARCHED . ^, 

Electronic <1«U bases consulted (Name of data base and where practicable terms used): 

APS. STH. Medline. Biosis. Scisearcb 

search terms: antibody, immunoglobulin. CDRs. complementarity determmmg regions, vanable domam. cancer. 

infectious agent, vaccine 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked " fo™ • «i»8«« 
ivenZ concep. under PCT Rule 13 1. In orier for all invendons to be .«i«hed. the .pp«pna.e «ld.Uon.l search fee, 
must be paid. 

Group I. claim(s) M. 67. 95. 99. 110. 116 and claims 39^6. 71-94. 109. 115. 121-122. whe«u, claims ^^■66 -JU94 
109. US. 121-122 depend upon any of claims M. 67. 95. 99. 110 or 116. dmwn to a modified .mmunoglobulm that 
binds to a c«.cer antigen, a molecule comprising a variable domain that binds to a c«.cer antigen, a method for 
identifying or measuring or detecting cancer «.tigcn using a modified immunoglobulu, that bmds a cancer «.t.gen. a let 
for detecting a cancer antigen, a method of producing the modified immunoglobulin or. method of producmg the 
nucleic acid encoding the modified immunoglobulin. 

Groups lla-Ilf. claim(s) 1-3. 5. 6. 67. 95. 99. 1 10. 1 16 and claims 39-66. 71-94. 109 115. 121-122. wherein claims 39- 
66 71-94. 109. 1 15. 121-122 depend upon «.y of claims 1-3. 67. 95. 99. 1 10 or 1 16. drawn to a modified 
immunogtobuL ia binds to a Leer Ltigen. a molecule comprising a varid,Ie domain that binds to a cancer anagen. 
TmeZ for identifying or measuring or detecting cancer -itigen using a modified immunoglobuhn that m^^^^^^ cancer 
antigen, a kit for detecting a cancer witigeo. a metiiod of producing die modified immunogiobulm or a method of 
producing ti>e nucleic acid encoding Uic modified immunoglobulin. 

Group HI. cWm(s) 1-3. 7. 67. 95. 99. 1 10. 1 16 and claims 39-66. 7 1-94. 109. 115. 121-122. wherein claims 
94 109 115. 121-122 depend upon any of claims 1-3. 67. 95. 99. 110 or 116. drawn to a modified .mmunoglobulm that 
binds to a cancer «.tigen. a molecule comprising a variable domain that binds to a cancer antigen, a method for 
identifying or measur^g or detecting cancer antigen using a modified immunogiobulm that bmds a --B-. a k.. 

for detecting . cancer «.tigen. a method of producing the modified immunogiobulm or a method of producing ihc 
nucleic acid encoding the modified immunoglobulin. 

Group IVa-IVf. claim(s) 1-3. 8. 9. 67. 95. 99. 110. 116 «>d claims 39-66. 71-94. 109. 115. 121-122. wherein claim. 39- 
66 7 1-94. 109. 1 15. 121-122 depend upon any of claims 1-3. 67. 95. 99. 1 10 or 1 16. dmwn to a modified 
immunoglobulin that bmds to a cancer antigen, a molecule comprising a variable domain that binds to a «mcer an^» 
a method for identifying or measuring or detecting cancer antigen using a modified .mmunoglobulm that bmds a omccr 
antigen, a kit for detecting a cancer antigen, a meUiod of producing tiic modified immunogiobulm or a method of 
producing Uie nucleic acid encoding the modified immunoglobulin. 

Group Va-Ve. claim(s) 1-3. 8. 10. 67. 95. 99. 110. 116 and claims 39-66. 71-94. 109. 115. 121-122. wherein claims 39- 
66 71-94 109 115. 121-122 depend upon any of claims 1-3.67. 95.99. 110 or 116. drawn to a modified 
immunoglobulin that binds to a cancer antigen, a molecule comprising a variable domain that binds to a cancer antigen, 
a method for identifying or measuring or detecting cancer antigen using a modified immunogiobulm tiiat binds a ameer 
antigen, a kit for detecting a cancer antigen, a method of producing the modified immunoglobulin or a method of 
producing the nucleic acid encoding the modified immunoglobulin. 
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66. 71-94. 109. 115. 121-122 depend upon «.y of cU.ms '■^•"•^ ^l-^J^^^ ^.at binds to a cancer antigen, 
immunoglobulin that binda to a cancer anUgcn. a molecule compnsmg a ,„b„,^ bi„d, , cancer 

a method for identifying or measuring or "^^^ or a method of 

antigen. . kit for detecting a cancer anUgen. a method of producing the modiUeo .m b 
producing the nucleic acid encoding the modified immunoglobulm. 

. • / M -I !-> «7 95 99 110 116 and claims 39^i«. 71-94. 109. 115. 121-122. wherein claims 
Group V11(1)-VII(69X cla.m(s) 1-3. 12. 67. 95. 99. » >»• «°* " „^ ,16 ^ « modified 

producing the nucleic acid encoding the modified immunoglobulm. 

39-66. 71-94. 109. 115. 121-122 depend upon any of claims 13. 14. 67. ill. ii' ore 
molecule comprising a variable domain that binds to an infectious agent «.t,geo. 

croup 1X(1>.X(54). claim(s) 13. 14. 16. 21. 68. 69. ^^^'^^JJI^ffruT^^^^^ 

0«.up X(1>X(6, c.aim(s) .3. 14 .7. 22. 6S. ^^^^J^^^^l^m' Jl'^ir.^ l^cl^ ^^^^^^^^ 
39-66. 71-94. 109. 115. 121-122 depend upon any of claims 13. 14. 67. iii. iw » 
molecule comprising a variable domain that binds to an infectious agent antigen. 

0«up«<lVXl(6,c..m(s) .3. .4. IS. 6S. 69. U^j^^^^^ n^ ^iS^ 
39-66 71-94 109. 115. 121-122 depend upon any of claims 13. 14. 67. Ui. ii/ o" 
molecule cotiiprising a variable domain that binds to an infectious agent antigen. 

o™,, x„fl>x.w .3. .». «• «• •■■•i'l-^ t^,'X,^-J";^^iX^t^' 

39-66 71-94 109. 115. 121-122 depend upon any of claims 13. 14. 67. Hi. n' o""" 
molecule comprising a variable domain that binds to an infectious agent antigen. 

Group XIU. claim(s) 23-25. 101, 109. M2. . .5. 1 18. .21..22 „d claims 39J6. ^'-'^^f ' J'^' i^l^f^,^^^^^^^ , . 
claims 39-66. 71-94. 109. 115. 121-122 depend upon any of claims 23-25 101. 109. 112. 115. 
modified immunoglobulin which binds to a cellular receptor for an mfectious agent 



^ . w 74 26 101 109 112 115 118 121-122 and claims 39-66. 71-94. 109. 115. 121-122. whereu. 

Group XIV. claimCs) 23. 24. 26. 101. 109. 112. 113. ,,5 1,8. 121-122. drawn to a 

claims 39-66. 71-94. 109. 1 15. 121-122 depend upon any of claims 23. 24. 101. lov. i lA i . 
modified immunoglobulin which binds to a cellular receptor for «i infectious .gent 

0™, XV. m.m „. n>. .... ■";;2,r^3t"."1»^';^'t.Vs^'/.'.^^^^^^^^ 

claims 39-66. 71-94. 109. 1 15. 121-122 depend upon any of claims 23. 24. IQl. luy. i lA 1 . 
modified immunoglobulin which binds to a cellular receptor for an infectious agent 

Oioup XVI(1>XV1(76X cl.im(s) 23. 24. 28. 101. 109. 112. .15. 1.8. '^'-'^ "'',3''t^^^09 US 1 18. m- 
122 whe,«b claim. 39-66. 71-94. .09. 115. 121-122 depend upon any of cl«ms 23 24. 101. 109 112. IID. 
ririo . modified immunoglobulin which binds to a celluUr receptor for «. mfect«us agent 

G.UP XV1.(1>XV1.(26. Claims 29. 30. 38 70 »d c^m. 39^. -Jj-J-^^^^^^^^ 
rfirmirjiblS Std.^ . ...c.. a variab. domain .at 

binds to a modified immunoglobulin that binds to a ligand receptor b.nduig pair. 

rr™.» WIIinVXVIII(16) claim(s) 29 31. 37. 70. «.d claims 39-66. 71-94. 109. 115. 121-122. wherein claims 39-66. 
moliliel. fmlun^SoblS Z hinds'^ a Hgand receptor binding pair and. a molecule comprising a vanable domam that 
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binds to a modified immunoglobulin that binds to a ligand receptor binding pair. 

... ^aKAn}<iA mo 115 121-122. wherein claims 39-66, 71-94. 109, 115, 

immunoglobulin that binds to a ligand receptor bmding pair and, a molecule compnsmg 
a modified immunoglobulin that binds to a ligand receptor binding pair. 

^1- -so itic It QA mo 115 121-122. whciein claims 39-66, 71-94, 109, 115, 

immunoglobulin that binds to a ligand receptor bmdmg pair and, a molecule compnsmg 
a modified immunoglobulin that binds to a ligand receptor bmdmg pair. 

... -JO jc/: nt QA ino lis 121-122. whereb claims 39-66, 71-94. 109, 115, 

immunoglobulin that binds to a ligand receptor bmdmg pair and, a molecule compnsmg a 
a modified immunoglobulb that binds to a ligand receptor bmdmg pair. 

- J 1 • *7i QA mo 115 121-122 wherein claims 39-66, 71-94, 109, 

immunoglobulin that binds to a ligand receptor bindmg pa.r and, a molecule compnsmg • 
a modified immunoglobulin that binds to a ligand receptor binding pa.r. 

... •>« Ti ino IK 121.122 wherein claims 39^66, 71-94. 109, 115. 121- 

that binds ID a ligand receptor binding pair and, a molecule compnsmg a vanaoie oomam 
immunoglobulin that binds to a ligand receptor binding pair. 

Group XXIV. clai«(s) 96 and 100. d»w„ to a method of detecting, identifying or measuring an infectious agent 

Group XXV. cWm(.) 97 «.d 102, dmwn to a method of detecting, identifying or mea«.ring a ligand. 

Group XXVI. clai«(s) 98 and 103, drawn to a method of detecting, identifying or measuring a receptor. 

Group XXVII. claim(s) 104. drawn to a method of diagnosing or screening for cancer. 

Group XXVIII. claim(s) 105. d«wn to a method of diagnosing or screening for an infectious agent. 

Group XXIX. claim(s) 106. drawn to a method of treating or preventing cancer. 

Group XXX. claim(s) 107. drawn to a method of treating or preventing infection. 

Group XXXI. claims 113 and 119 drawn to a method of making a modified immunoglobulin which binds to a ligand. 
Group XXXll. claims 1 14 and 120. d«wn to a method of making a modified immunoglobulin which binds to a receptor. 

iMuenccs are necessary to search claims 6» 9, 10, 15» 2J-«i * *» » 

Zxamlned If a con-plltar readable forn. of .h. ..,«en.. M.«ng ha. been .ubml...d and .nUr«i. 

This applicadon conuins cUim. disced to mo„ th«. one specie, of the generic invention. These J^^jJ 

follows: 

For Group lla-llf each of the pcpude, of claim 6 are viewed as a distinct species as .here is no apparent common core 
Structure. 

For Group IVa-IVf the peptides of claim 9 are viewed as a distinct species as there is no apparent common core 



Structure. 
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For Group Va-Vc the peptides of claim 10 are viewed as a distinct species as iheic is no apparent common core 
structure. 

For Group Vla-VIt the various canccra of claim 1 1 do not share common antigens. 

For Group V1I(1>VII(69) the antigens of claim 12 are viewed as a distinct species as there is no apparent common cor« 
structure. 

For Group. VIII(1) through XH(43) claim. 18-22. one of the «.venU dozen mfectiou. discse antigen, listed must elected 
since there is no common core amongst them. 

For Oraup XVI(1).XVI(76) claim 28. on. of the wveml dozen cellular recepto« listed mu.t elected .s they lack . 
common core. 

For Oioup XVIK1>XVII(26) claim 38. one of the twenty-six receptor. Ii.ted mu.t elected a. they lack a common core. 
For Group XVin(l)-XVllI(16) claim 37. one of the sixteen ligands must be elected as they lack a common core. 

The invention, listed as Graups I-XII do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2. they lack the same or corresponding special technical features for the followmg reasons: 

Group I recite. U.e uchnical feature of . modified immunoglobulin Aat bind, to a "^J^. • °o^^^^^^ 

a V Jable domain that bind, to a c«.cer antigen, a method for identifymg or mcawimg or detectmg cancer antigen 

using a modified immunoglobulin that binds a cancer antigen, a kit for detecting a cancer «.tigen. a method of 

producing the modified immunoglobulin or a method of producing the nucleic acid encodmg the modified 

immunoglobulin. 

However. ZANETTI et al. (US 5.508486) teaches the production of witibodies containing the NANP tetrapeptide within 
the third CDR. Given this teaching the invention of Group 1 Uck. an inventive step a. one of ordmary skill m the art 
would be motiv^ed to employ the methodology of Zanetti et al. to develop chimenc anUbod.es for «ny antigen of 
interest and more particularly for a cancer antigen. 

Therefore, within die meaning of PCT Rules 13.1 «.d 13 J no special technical feature links the invention of Group 1 
with Group, Ila through XXXIl because the technical feature of Group I is not a contribution over die pnor art. 

The specie, listed above do not relate to a single inventive concept under PCT Rule 13.1 because under PCT Rule 13.2. 
the series lack the same or corresponding special technical features for the following reasons: The ammo acid 
sequLes listed in claims 6. 9. 10. 23 and 36 all contain the special technical feature of their ammo acid sequence, 
which impartt a unique structure and fiinction and which requires a different search. 

For cUim 1 1. each of the different types of cancer has a special technical feature in its etiology, prognosis and 
pathology. 

For claim 12. each of the different cancer antigens has a special technical feature of its immunogenicity. 

For claims 18-22. each of the infectious disease antigens listed ha. a special technical feature of iu immunogenicity. 
infectivity, pathology and etiology. 

For claim 28. 37 and 38. each of the cellular receptors or lig-tds listed has a special technical feature of iu distinct 
structure and fiinction. cellular localization, tissue distribution, etc. 
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